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ABSTRACT 
The overall objective of this dissertation was to evaluate, both directly and indirectK. 
the natural enemies of the European com borer (ECB). The direct evaluation component 
consisted of two parts: (1) Assessment of the level of naturally occurring mortality of the 
ECB and evaluation of the impact of biotic and abiotic factors that cause this mortality, and (2) 
Quantitative evaluation of the impact of augmentative releases of Trichogiwwmi brassicae. a 
parasitoid of the ECB eggs, on reducing larval densities and damage on com plants. The 
indirect laboratory-based evaluation, addressed two factors that affect the efficacy of natural 
enemies: prey suitability and intraguild predation. 
In the first study, the influence of predators, parasitoids. and pathogens of the ECB on 
its seasonal abundance and outbreaks was quantified. I used five treatments with differential 
levels of exclusion of natural enemies to assess the impact of natural enemies on ECB 
densities. There were higher rates of ECB egg predation in uncaged (>50*;^) than in caged 
treatments. The highest larval mortality occurred among the first and second instars; this 
mortality was not influenced by treatments, indicating that abiotic factors were responsible. 
In the second study, I released different numbers of wasps in 0.25 hectare plots to 
examine the relationship between release rates and parasitism levels. The total number of 
wasps released in each plot was: 0 (control), 25.(K)0, 50.000, 100,000. and 200.000 wasps. 
Levels of egg parasitism were significantly affected by the number of parasitoids released. 
In the third study, I found that C. maculata developmental time and survival rates were 
similar on ECB eggs and pea aphids, indicating that ECB eggs are suitable prey. In the fourth 
study, I found that Chrysoperla camea eggs are suitable prey for three coccinellid species that 
co-occur with C camea in com fields. I also found that there is a potential for C. maculata 
and C. camea larvae to negatively affect each other and reduce their ability to suppress pest 
densities. 
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GENERAL INTRODUCTION 
Dissertation Organization 
This dissertation is comprised of a general introduction with four subsections: 
dissertation organization, introduction, rationale, and objectives. Following the general 
introduction are the five papers prepared for submission to scientific journals, general 
conclusions, and a list of references cited in the general introduction and general conclusions. 
In the first paper, the influence of predators, parasitoids, and pathogens of the European com 
borer, Ostrinia nubilalis (Hiibner) (Lepidoptera: Pyralidae), on its density changes, was 
quantified by use of differential levels of exclusion of these natural enemies, based on body 
size and flight ability. In the second paper, life table analysis was used to explain population 
dynamics of O. nubilalis. The third paper presents an evaluation of augmentative releases of 
Trichogramma brassicae Bezdenko (Hymenoptera: Trichogrammatidae) for suppression of O. 
nubilalis in field com. In the fourth paper, the effects of O. nubilalis eggs and Acyrthosiplion 
pisum (Harris) (Homoptera: Aphididae), when provided as single prey species and In 
combination, on life history characteristics of Coleomegilla maculata DeGeer (Coleoptera: 
Coccinellidae) larvae and adults were quantified. In the last paper (number 5), the potential of 
intraguild predation within the predator guild of O. nubilalis was investigated. These papers 
follow the general guidelines of the respective journals to which they have been or will be 
submitted. 
Introduction 
The European com borer, Ostrinia nubilalis (Hiibner) (Lepidoptera: Pyralidae), is an 
introduced species that has evolved to become one of the most persistent pests of maize (Zea 
mays L.) (field com, sweet com, and pop com) throughout the U. S. Com Belt. World­
wide, its distribution is primarily limited to two biogeographic regions, the Nearctic and the 
Palearctic, with marginal distributions in southwestern parts of the Oriental region (Hudon & 
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LeRoux 1986). The Palearctic distribution is the indigenous range, that includes most of 
Europe, as well as some parts of North Africa and southwest Asia (Hudon & LeRoux 1986). 
The disuibution of O. nubilalis throughout the Nearctic region is likely the result of multiple 
occurrences of biological invasions. The first detection of an established population in North 
America was in Massachusetts in 1917, followed by discovery of other invasions distributed 
in New York, Pennsylvania, Ohio, Michigan, and Ontario (Showers 1993). As with many 
other exotic insect species, sources of the founding Nearctic populations is a matter of 
speculation (Mason et al. 1996). 
The current O. nubilalis distribution in the Nearctic region ranges from Ontario to 
Florida, west to Alberta and New Mexico (Mason et al. 1996). In both the Palearctic and the 
Nearctic, the number of generations per year (i.e., voltinism) follows a latitudinal dine 
(Showers 1993). In the Nearctic, O. nubilalis populations that go through one generation per 
year (univoltine) are distributed throughout the northernmost range, whereas populations with 
4 generations per year occupy the southernmost range (Mason et al. 1996). There is no 
distinct and abrupt shift in voltinism in transition zones, but instead there is a mixture of 
populations producing what Shov/ers (1993) called heterovoltinism. 
Yield losses caused by O. nubilalis result primarily from the physiological damage 
suffered by the com plants due to larval leaf feeding, leaf sheath and collar feeding, stalk 
tunneling, and ear damage (Mason et al. 1996). Management techniques commonly used to 
reduce 0. nubilalis infestations include (i) cultural practices, which involve early planting and 
early harvesting, (ii) resistant cultivars, and (iii) chemical insecticides (Showers et al. 1989). 
Cultural practices are effective only in-so-far as they are synchronously done on an area-wide 
basis, which is seldom practical. Use of varietal resistance has so far only been effective 
against larvae feeding on whorl stage com (Barry & Darrah 1991). This is because the 
concenu^tion of the factor responsible for resistance (2,4-dihydroxy-7-methoxyl-1,4-
benzoxazin-3-one) decreases as the com plant mamres (Guthrie et al 1986; Klun & Robinson 
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1969). In 1996, com genetically engineered to systemically produce insecticidal toxin, 
derived from the bacterium. Bacillus thuringiensis (B.t.), was approved for sale in the U.S. 
(Benbrook 1996). This B.t.-transgenic com produces the toxin in almost all the plant pans 
and causes high mortality of O. mibilalis throughout the growing season; thus it has extremely 
high potential as a management technique (Kennedy & Whalon 1995). However, the mode of 
insecticidal action in transgenic plants creates such high selection pressures that development 
of resistance is predicted to be quite eminent unless (effective) resistance management 
strategies are adopted (Gould 1991). 
Chemical insecticides, which constitute the management technique most heavily relied 
upon, are not entirely effective against O. nubilalis because of the relatively short period the 
borers feed extemally prior to boring into the plant. Furthermore, there continues to be a 
concern among the general public about insecticide residues on agricultural commodities, 
effect of insecticides on nontarget organisms and environmental contamination. This has led 
to several actions by the United States federal government, the most notable being the 1993 
pledge by the Clinton Administiration to take steps towards overhauling the existing pesticide 
and food safety laws so that by the year 2000 pests on 75% of the U.S. food production area 
will be managed by integrated pest management (IPM) tactics (National Research Council 
1996; Benbrook 1996). 
The concept of integrated control was developed by Stem et al (1959) in response to 
unsuccessful attempts to suppress pest densities by chemical insecticides. Stem et al. (1959) 
demonstrated that biological control can be used as a primary tactic to manage certain pests, 
with chemical insecticides used only as a complementary tactic. Another idea introduced by 
Stem et al. (1959) was the concept of economic injury levels (EILs), which is based on the 
premise that most pest species do not cause losses in yields unless they reach certain 
(economical) densities. Therefore, EEL and its associated concepts (of economic threshold 
and economic damage) are part-and-parcel of IPM. Since its inception, IPM as both a concept 
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and a practice, has gone through various stages of development (Gate & Hinkle 1994). There 
has been some dissatisfaction among researchers involving some of the directions and/or 
interpretations of IPM development. Some researchers view IPM as a tool used by the 
chemical industry for continued use of and reliance on insecticides, especially when the 
practice of IPM is limited to or interpreted as monitoring of pest densities accompanied by 
timely spraying of insecticides (Gate & Hinkle 1994). 
Attempts to redirect the focus of IPM have resulted in several publications, all of 
which emphasize a need for an understanding of the ecology of pest species, including the role 
of natural enemies and other natural control factors affecting the population dynamics of pest 
species. Thus, other management tactics can be used in a manner that complements and 
facilitates namral enemies to provide a safe, economic, and environmentally-friendly 
commodity-production (Gate & Hinkle 1994; National Research Council 1996; Benbrook 
1996). There are several methods which can be used to incorporate pest density reductions 
contributed by natural enemies and other natural control factors into EPM programs. For 
example, (i) developing and using sequential sampling and surveillance procedures that 
involve both the pest species and major natural enemy species (Nyrop 1988; Nyrop & van der 
Werf 1993; Binns & Nyrop 1992; Shepard et al. 1988); and (ii) developing EELs that include 
the stage-specific survivorship of the pest (Ostlie & Pedigo 1987). 
Economic thresholds typically ignore the role of naturally occurring mortality factors 
because they are based on the assumption that 100% of the injurious stages survive to adults. 
Often the impact of natural enemies and other natural control factors on pest densities is 
criticized for being unpredictable and therefore unreliable. For example, Sparks et al. (1966) 
indicated that in spite of the fact that insect predators contribute significantly to O. nubilalis 
population fluctuations in some areas during some years, they could not be relied on to bring 
about significant changes in a com borer population at any specific area. Thus, economic 
thresholds developed for O. nubilalis control through management models do not directly 
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include the impact of natural enemies and other natural control factors on O. nubilalis (Calvin 
et al. 1986; Calvin et al. 1988). 
There are two principal methods of evaluating the impact of natural enemies. The first 
method involves comparison of pest densities in the presence versus absence of natural 
enemies by use of an exclusion technique (Luck et al. 1988). Placing cages over plants is the 
most common technique used to exclude predators and parasitoids. The size of the mesh 
determines whether all or part of predator and parasitoid species are excluded; cages with 
sufficiently small-sized meshes exclude all aerial and ground-dwelling non-flying predators 
and parasitoids whereas large-meshed cages allow small predators and parasitoids. Natural 
enemies can also be evaluated through introduction and augmentation by comparing pest 
densities either temporally (i.e., before and after the release) or spatially (i.e., areas with and 
without release). Applications of insecticides that are selective can also be used to exclude 
natural enemies; comparison of pest densities in treated versus untreated areas reveals the 
impact of natural enemies. Both caging and augmentation were used in this study to evaluate 
natural enemies of O. nubilalis. 
The second method of evaluating namral enemies involves development of life tables 
for the pest species (Harcourt 1969; Southwood 1978; Carey 1989, 1993; Bellows et al. 
1992; Van Drieche & Bellows 1996). One of the advantages of developing life tables is that, 
in addition to quantifying the level of pest mortality by natural enemies, sources of mortality 
that regulate pest densities from generation to generation can be identified (Bellows et al. 
1992; Jervis & Kidd 1996). In developing life tables the fate of a cohort (generation) of 
individuals is followed over time, either directly or indirectly, so that the roles of different 
mortality factors at different life stages are quantified (Harcourt 1969; Southwood 1978; Carey 
1989; 1993; Bellows et al. 1992). 
The natural enemies of O. nubilalis that are common and presumed to contribute to the 
regulation of annual population densities include three groups: insect pathogens, predators. 
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and parasitoids. Two pathogens that reduce the survivorship of O. nubilalis in the Midwest 
are the microsporidium, Nosema pyrausta (Paillot) (Zimmack & Brindley 1957; Siegel et al. 
1987b; Lewis & Cossentine 1986), and the fungus, Beauveria bassiana (Balsamo) Vuillemin 
(Bing & Lewis 1993). Nosema pyrausta was probably unintentionally inttoduced into North 
America from Europe with infected borers (Canning 1982). Although N. pyrausta infections 
result in chronic disease, they are considered to have the highest biotic impact on O. nubilalis 
population density (Zimmack & Brindley 1957; Kramer 1959a; Lewis & Lynch 1978). 
Diseased individuals have reduced adult longevity and fecundity as well as increased larval 
mortality (Kramer 1959b; Windels et al 1976; Lewis & Lynch 1976). Beauveria bassiana is a 
naturally occurring entomopathogenic fungus (Deuteromycotina: Hyphomycetes) whose 
conidia survive both in soil and insect cadavers (Bing & Lewis 1993). Bing & Lewis (1991) 
have also documented an endophytic relationship between B. bassiana and com plants, in 
wliich the fungus colonizes the plants during the growing season and infects O. nubilalis 
larvae feeding on colonized plant tissues. Unlike the chronic infections by N. pyrausta, 
insects infected by B. bassiana are killed. 
Several species of insect predators, particularly coccinellids, chrysopids, and 
anthocorids utilize O. nubilalis eggs and small larvae as prey (Obrycki et al 1989; Andow 
1990; Phoofolo & Obrycki 1997). Coleomegilla maculata DeGeer (Coleoptera: Coccinellidae) 
is the dominant chewing predator of O. nubilalis in com fields (Andow & Risch 1985; 
Andow 1990; Coll & Bottrell 1991), whereas Orius insidiosus Say (Hemiptera: 
Anthocoridae), Chrysoperla camea Stephens, and Chrysopa oculata Say (Neuroptera: 
Chrysopidae) are dominant piercing-sucking predators (Dicke & Jarvis 1962; Obrycki et al 
1989; Andow 1990; Coll & Bottrell 1991). Andow (1990) documented that chrysopid larvae 
contribute up to 47% egg predation in field populations of O. nubilalis in Minnesota. 
Densities of O. insidiosus have been observed to peak coincidentally in com fields with those 
of 0. nubilalis egg and early larval populations (Dicke & Jarvis 1962; Coll & Bottrell 1991). 
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Most of the insect predators associated with O. nubilalis are considered poiyphagous, 
i.e., they have been observed to feed on other prey/food types besides O. nubilalis (Baker et 
al. 1949; Froeschner 1950; Bartholomai 1954; Conrad 1959; Canard & Duelli 1984; Andow 
& Risch 1985). However, many studies that examined prey suitability for predacious 
coccinellids indicate that several species are less poiyphagous than expected based upon field 
observations (Blackman, 1964; 1967; Hodek, 1973; Hodek& Honek 1996). Such findings 
are important for several reasons. First, they provide basic knowledge about prey species that 
supply necessary nutritional requisites for the predator. Second, they offer an explanation for 
success or failure of predators in biological control programs; e.g., if a target pest species is 
less suitable than coexisting prey species or non-prey food then it is likely that the predator 
will not control the pest (Thompson, 1951). One of the two laboratory studies I undertook 
compares the suitability of O. nubilalis eggs and pea aphids as prey for C. maculata. Because 
many predator species are poiyphagous, their prey may consist of both herbivores and other 
predators, i.e., intraguild predation (Polis et al. 1989; Polis & Holt 1992). Such predator-
predator interactions are thought to contribute to reductions in biological control (Rosenheim et 
al., 1993,1995). The second laboratory study examined the potential of intraguild predation 
within the predator guild of O. nubilalis. 
Following the detection of established populations of O. nubilalis in the U. S. in 1917, 
an importation program resulted in the establishment of six parasitoid species (Eriborus 
terebrans (Gravenhorst) and Phaeogenes nigridens (Hymenoptera: Ichneumonidae), 
Chelonus annulipes and Macrocentrus grandii Goidanich (Hymenoptera: Braconidae), 
Sympiesis viridula (Hymenoptera: Eulophidae), and Lydella thompsoni (Diptera: Tachinidae)) 
(Baker et al. 1949; Clausen 1978). Currently, only two of the parasitoid species are found in 
the midwest. The most common parasitoid in Iowa and Illinois is M. grandii (Lewis 1982; 
Siegel et al. 1987a), whereas £. terebrans, whose abundance is influenced by non-crop 
habitats such as wooded field edges, is the most common parasitoid in Michigan and 
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Minnesota (Landis & Haas 1992). Trichogramma nubilale Ertle & Davis (Hymenoptera: 
Tricliograniniatidae) is another naturally occurring parasitoid of O. nubilalis eggs but, similar 
to many species of Trichogramma, its population densities do not appear to effect control of 
0. nubilalis (Kanour & Burbutis 1984). 
Trichogramma species do, however, present another important way of reducing pests -
augmentative release of mass reared parasitoids (Abies & Elidgway 1981). Considerable 
research and use of Trichogramma in augmentation has been conducted in China and the 
former Soviet Union where various Trichogramma species have efficiently and economically 
suppressed pest densities (Oikowski & Zhang 1990). Interest in incorporating Trichogramma 
augmentation into the existing integrated management of various pests is growing in the U.S.. 
and studies aimed at testing the efficiency of these parasitoids have been done (Kanour & 
Burbutis 1984; Andow & Prokrym 1991; Prokrym et al. 1992; On et al. 1992; Losey et al. 
1995). Trichogramma brassicae Bezdenko, a species which I used in my study, is also used 
by farmers to successfully reduce 0. mibilalis densities in com fields in Switzerland (Bigler 
1986). Also, experiments on augmentation of T. brassicae conducted in southern Albena, 
Canada, showed up to 95% reduction in European com borer damage to sweet com (Yu & 
Byers 1994). Preliminary suidies conducted in Iowa indicate that augmentative releases of T. 
brassicae reduce O. nubilalis densities and damage to com better than the insecticide, 
Permethrin (Orr et al. 1992). 
Most studies assume that (1) high levels of egg parasitism will reduce O. mibilalis 
larval densities, and (2) naturally occurring mortality factors do not contribute significantly to 
0. nubilalis mortality (Yu & Byers 1994; Orr et al. 1992; Knipling & McGuire 1968). On the 
other hand, some studies have shown that climatic factors, especially temperature, moisture 
stress, and atmospheric evaporation account for as much as 93% variation of O. nubilalis 
mortality (Showers et al. 1978). It is important to realize that high levels of parasitism or 
predation do not necessarily mean that the natural enemy is an important mortality factor 
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because it may be a duplication of mortality that occurs in the absence of that factor (Jones 
1982). In other words, a natural enemy reduces the density of a pest only if the mortality it 
causes is not replaceable. For example, parasitoids of O. nubilalis may duplicate mortality by 
naturally occurring egg predators. Indeed, Van Hamburg & Hassell (1984) have developed 
models which show that certain levels of egg parasitism actually reduce the overall mortality of 
graminaceous stalk borers. 
Rationale 
The benefits of determining and recognizing the impact of natural mortality factors of 
O. nubilalis include reduced insecticide use. Once reductions in insecticide input in the 
environment occur, an increase in densities of beneficial organisms that are now periodically 
killed by insecticide applications can be expected, and such increased densities will further 
impact or even subdue or prevent com borer outbreaks. Reductions in insecticide inputs will 
directiy benefit growers, not only through reduced expendimres on insecticides, but also 
through reduced health risks from exposures to these chemicals. 
I have already mentioned (above) that although B.t.-transgenic com has a great 
potential of revolutionizing com production, there are serious concerns regarding the risk of 
resistance development to the toxin expressed by such plants. One of the procedures that are 
considered to be necessary for delaying such resistance development is incorporation and 
encouragement of mortality factors such as natural enemies (Gould et al. 1991). The 
recommendation is to develop transgenic plants tiiat express low levels of the toxin, thus 
lessening the selection pressure, which would interact synergistically with natural enemies 
(Gould et al. 1991; Gould 1996). The message here is that scientists, manufacturers, 
producers, regulators, and everybody involved in crop production should not repeat the 
mistakes of the past; no single management tactic can be a silver-bullet. More importantly. 
10 
pest ecology and the unpact of natural mortality factors have to be at the center of every IPM 
program. 
Objectives 
The overall objective of this dissertation was to evaluate, both directly and indirectly, 
effects of the natural enemies of the European com borer. The direct evaluation component, 
which was field-based, consisted of two parts: (1) Assessment of the level of naturally 
occurring mortality of the European com borer and evaluation of the impact of biotic and 
abiotic factors that cause this mortality, and (2) Quantitative evaluation of the impact of 
augmentative releases of Trichogramma brassicae, a parasitoid of the European com borer 
eggs, on reducing com borer densities and damage on com plants. The indirect laboratory-
based evaluation, addressed two factors that affect the efficacy of natural enemies, i.e., prey 
suitability and predator-predator interaction (i.e., intraguild predation). 
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QUANTITATIVE ASSESSMENT OF BIOTIC MORTALITY OF THE EUROPEAN CORN 
BORER, OSTRINIA NUBILAUS (LEPIDOPTERA: PYRALIDAE) IN FIELD CORN 
A paper to be submitted to Journal of Economic Entomology 
Mpho W. Phoofolo and John J. Obrycki 
Abstract 
Ostrinia nubilalis (Hiibner) (Lepidoptera: Pyralidae) has many namral enemies 
throughout its distribution in North America. Some of the namral enemies are introduced, 
either intentionally or accidentally, whereas others are native species that utilize it as prey. 
Several abiotic factors also contribute to mortality of O. nubilalis. Despite the occurrence of 
these mortality factors, larval densities of O. nubilalis frequently reach levels that cause 
economic yield reductions. We used five treatments with differential levels of exclusion of 
natural enemies, based on body size and flight ability, to assess the impact of natural enemies 
on 0. nubilalis densities on com plants. We assigned two initial O. nubilalis egg densities (1 
egg mass vs. 3 egg masses per plant) to each treatment. There were significantly higher rates 
of O. nubilalis egg predation in uncaged treatments than in caged treatments. Flying insect 
predators caused most of the egg predation, reducing egg densities by 50%. The highest 
larval mortality, occurted among the first and second instars, was not influenced by the 
exclusion treatments, indicating that abiotic factors and/or the inability of young larvae to 
establish on the host plants were responsible. Mortality among the larger instars (third, 
fourth, and fifth) was low. Most 0. nubilalis larvae were infected with Nosema pyrausta, but 
because of its chronic nature, it is difficult to assign it directly to observed mortality. The 
incidence of Beauveria bassiana ranged from 0 to 21%, whereas larval parasitism, mainly by 
Macrocentrus grandii, ranged from 0 to 31%. The overall mortality of O. nubilalis from both 
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biotic and abiotic factors averaged >95% but was not influenced either by initial egg or larval 
density. 
INTRODUCTION 
The European com borer, Ostrinia nubilalis (Hiibner) (Lepidoptera: Pyralidae) has 
many natural enemies throughout its distribution in North America. Several species of natural 
enemies were introduced, either intentionally or accidentally (Clausen 1978), whereas others 
are native species that utilize it as prey. Most natural enemies that were intentionally 
introduced against O. nubilalis are parasitoids, many of which failed to establish (Lewis 
1982). Currently, only two of the introduced parasitoid species are found in the Midwest. 
The most common parasitoid in Iowa and Illinois is Macrocentrus grandii Goidanich 
(Hymenoptera: Braconidae) (Lewis 1982; Siegel et al. 1987a), whereas Eriboriis terebrans 
(Gravenhorst) (Hymenoptera: Ichneumonidae), whose abundance is influenced by non-crop 
habitats such as wooded field edges, is the most common parasitoid in Michigan and 
Minnesota (Landis & Haas 1992). Two entomophagous pathogens associated with O. 
nubilalis were accidentally introduced into North America. One of these pathogens is a 
microsporidian, Nosema pyrausta (Paillot) (Microspora; Nosematidae) (Zimmack & Brindley 
1957; Siegel et al. 1987b; Lewis & Cossentine 1986); the other is a fiangus, Beauveria 
bassiana (Deuteromycotina; Hyphomycetes) (Balsamo) Vuillemin (Bing & Lewis 1993). 
Several other factors cause mortality of O. nubilalis, e.g. drowning in plant sap or rain 
accumulation in the plant whorl, climatic factors, cultural practices (i.e., pickers, shellers and 
combines) and migration (Chiang & Hodson 1972; Showers et al. 1978; Hudon & LeRoux 
1986). In spite of all the above-mentioned mortality factors, larval densities of O. nubilalis 
frequently reach levels that result in economic yield reductions (Mason et al. 1996). 
Management techniques that are reconmiended to suppress O. nubilalis infestations include (i) 
cultural practices, (ii) cultivars bred for resistance, and (iii) chemical insecticides (Mason et al. 
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1996). Because of the complex biology of the relationship between O. nubilalis and com, 
many management tactics, such as chemical insecticides and plant resistance have not been 
successful in reducing O. nubilalis densities, especially when used alone (Hudon et al. 1989). 
Many researchers and extensionists recommend adoption of integrated pest management 
(IPM) programs for O. nubilalis, but some basic information (on the ecology of the O. 
nubilalis-com agroecosystem) necessary for developing IPM programs is lacking. To 
contribute to the development of an O. nubilalis IPM program, we designed this study to 
assess the level of naturally occurring mortality of O. nubilalis and evaluate the impact of 
biotic factors that cause this mortality. 
MATERIALS AND METHODS 
The experiment was conducted in field com in Story County, Iowa from 1994 to 
1996. The same com hybrid (Pioneer 3563) and cultivation practices (conventional tillage, 
fertilizer and herbicide application, and no insecticide spraying) were used during each of the 
three years. Tassel stage com was used in 1994 and only the whorl stage com in 1996; both 
stages of com were used in 1995. Five treatments were used to evaluate natural enemies of 0. 
nubilalis: (1) small-meshed (52 squares/cm") Lumite (1.8 by 1.8 by 1.8 m) cages that 
excluded all predators and parasitoids, (2) large-meshed (32 squares/cm") Lumite (1.8 by 1.8 
by 1.8 m) cages that allowed access by small predators (e.g. O. insidiosus, early coccinellid 
and chrysopid instars, ants) and parasitoids, (3) open areas (of equal size to those covered by 
cages) that allowed all natural enemies access to 0. nubilalis, (4) open areas as in (3) but each 
com plant had a ring of tangle foot (Tanglefoot Co., Grand Rapids, MI) applied at the base 
just above the ground to exclude ground dwelling non-flying predators (e.g. ants, ground 
beetles, and spiders), (5) open cage frames that were partially covered with small-meshed 
cages to shade plants to simulate cage effects of ureatment (1). There were 16 plants (8 per 
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row) for each treatment (i.e. 16 plants per cage and 16 plants per open area for treatments 3,4, 
and 5). 
Treatment 1 quantified the impact of pathogens (N. pyrausta and B. bassiana) on O. 
nubilalis densities. Treatment 2 evaluated the impact of O. insidious, coccinellid larvae, 
chrysopid larvae, ants, and parasitoids, in addition to that of the pathogens. Treatment 3 
assessed the effect of all natural enemies of the com borer. Treatment 4 indirectly evaluated 
the impact that the com borer ground dwelling predators (e.g. ground beetles, ants and 
spiders) have on the densities of the com borer. Treatment 5 assessed any effect that shading 
might have had on 0. nubilalis survival. All natural enemies were removed from treatments 1 
and 2 after cages were in place. 
Each of the five treatments had two infestation levels of O. nubilalis eggs and two 
replications. The infestation levels were: 1 egg mass per plant and 3 egg masses per plant 
(compared to natural infestion, 1 egg mass per plant is equivalent to heavy infestation whereas 
3 egg masses per plant is an unlikely infestation but was included in this study to allow 
adequate assessment of natural enemies). Therefore, there were 20 plots (i.e.. cages or open 
areas) in all. The treatments were blocked and randomly assigned to plots. The egg masses 
(approximately 30 eggs per mass) from laboratory-reared insects were on a small wax paper 
disc (used in the laboratory as an oviposition substrate for 0. nubilalis females). These discs 
were stapled to the leaves. Both O. nubilalis generations were simulated to occur at 
approximately the time of the two generations in Iowa. Egg masses simulating the first 
generation were stapled on the undersides of leaves in mid-to-Iate whorl stage com (55 to 80 
cm extended leaf height) and those for the second generation were stapled on the undersides of 
leaves at tasseling and silking stage com. The egg masses were placed on the plants over the 
period of 8 days; two plants were infested per day. 
Each cohort of eggs was monitored twice per week, using a 20X field magnifying 
glass, to determine the fate of eggs. Egg predation from chewing predators was distinguished 
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from predaiion from piercing-sucking predators as outlined by Andow (1990). Larval O. 
nubilalis densities were monitored twice a week through destructive sampling of two plants 
from each plot. This involved putting a plastic bag (2m x Im x Im) over the plant to be 
sampled and pulling it down to the ground-level, cutting the plant at the base and then closing 
the bag. Bagged plants were brought to the laboratory, where each plant was searched for O. 
nubilalis larvae, stalks were also split to look for the larvae. 
On each sampling date, live larvae were collected and reared individually on meridic 
diet in 20 ml plastic cups (Lewis & Lynch 1969). Dead larvae on plants or larvae that died in 
the growth chamber were frozen and examined for N. pyrausta and B. bassiana infection. 
Infections by N. pyrausta were determined by preparing wet mounts from the homogenized 
abdomen of a specimen and looking for spores using a phase contrast microscope at 400x. 
Infections by B. bassiana were determined by placing the thorax of specimen on a selective 
medium that favored the growth of B. bassiana (Doberski & Tribe 1980). Parasitism was 
determined by rearing; all parasitized hosts and parasitoids were examined for N. pyrausta. 
Pupae were reared to adult eclosion or death, and examined for disease development. 
Individuals that survived to the adult stage were examined for N. pyrausta by homogenizing 
their abdomen and preparing wet mounts. 
Egg predation levels, larval counts, disease infection, and parasitism levels were 
analyzed using a two-way analysis of variance (ANOVA) procedures of general linear models 
(PROC GLM) in SAS (two factors were cage treatments and blocks) (SAS Institute 1985). 
Data from different years were analyzed separately. Data in percentages were first normalized 
using arcsine (•^) uransformation, where y is the percentage expressed as a proportion, 
before analysis. When significant differences were found, the least significant difference test 
was used for pair-wise comparisons among treatments (i.e., cage types) (SAS Institute 1985). 
The significance level for all tests was set at a = 0.05. 
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Voucher specimens of insects are in the Iowa State University Insect Collection, 
Department of Entomology, Iowa State University, Ames. 
RESULTS 
Fate of Ostrinia nubilalis eggs 
The proportion of 0. nubilalis eggs that hatched on 1994 tassel stage com was 
significantly higher among egg masses placed on caged plants (i.e., treatments 1 and 2) than 
among egg masses on uncaged plants (i.e., treatments 3,4, and 5) (Table 1). Similarly, the 
proportion of 0. nubilalis eggs preyed on was different between caged and uncaged plants: 
predation levels were significantly higher on uncaged plants (Table 1). Chewing predators 
accounted for an average of 75% of the total predation rates; the remaining predation was due 
to piercing-sucking predators. The differences among treatments in levels of hatching and 
predation followed the same pattern on plants that were infested with one O. nubilalis egg 
mass per plant and those that were infested with three 0. nubilalis egg masses per plant. 
Within each treatment, the differences in hatching and predation levels between plants that 
were infested with one versus three 0. nubilalis egg masses were not significantly different (t-
test for hatching levels: no cage, t = 1.72; df = 62; P = 0.09; tack trap, t = 1.29; df = 62; P = 
0.20; shaded, t = 0.95; df = 62; P = 0.34; large meshed, t = 1.11; df = 62; P = 0.27; small 
meshed, t = 0.25; df = 62; P = 0.80) (t-test for predation levels: no cage, t = 0.68; df = 62; P 
= 0.50; tack trap, t = 0.16; df = 62; P = 0.87; shaded, t = 0.11; df = 62; P = 0.91; large 
meshed, t = 0.64; df = 62; P = 0.52; small meshed, t = 0.09; df = 62; P = 0.93). 
The proportion of eggs that hatched on the 1995 whorl stage com was significantly 
higher among plants inside the large and small meshed cages compared with egg hatching on 
plants that were in the no cage and tack trap treatments (Table 2). However, within the 
infestation level of one egg mass per plant, egg masses on plants that were in the shaded 
treatment hatched at levels that were not different from egg masses on completely caged 
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plants, suggesting that the partial covering used for shading may also have excluded 
predators. The level of predation was also lower on plants in the shaded treatment than on 
plants in either the no cage or the tack trap treatments. For plants that were infested with three 
egg masses per plant, the shade treatment resulted in more than 60% hatching, although this 
was not different from hatching level in the tack trap treatment. There were no differences in 
predation levels among eggs in the no cage, tack trap, and shaded treatments. Chewing 
predators accounted for an average of 77% of the total predation rates. Similar to the 1994 
tassel stage com, within each treatment during the 1995 whorl stage, the differences in 
hatching and predation levels between plants that were infested with one versus three egg 
masses were not significantly different (t-test for hatching levels: no cage, t = 0.11; df = 62; P 
= 0.91; tack trap, t = 0.08; df = 62; P = 0.93; shaded, t = 1.28; df = 62; P = 0.20; large 
meshed, t = 0.19; df = 62; P = 0.85; small meshed, t = 0.68; df = 62; P = 0.50) (t-test for 
predation levels: no cage, t = 0.92; df = 62; P = 0.36; tack trap, t = 0.09; df = 62; P = 0.93; 
shaded, t = 1.29; df = 62; P = 0.20; large meshed, t = 0.94; df = 62; P = 0.35; small meshed, 
t = 0.6I: df=62; P = 0.54). 
Proportions of 0. nubilalis eggs that hatched and were preyed upon during the 1995 
tassel stage com followed the pattern observed during the 1994 tassel stage com. Eggs that 
were on caged plants hatched at levels higher than those on uncaged plants for both infestation 
levels (Table 3). Predation levels were higher on uncaged than on caged plants. More eggs 
were preyed on in shaded plants than in the no cage u^eatment for plants that were infested 
with one egg mass per plant, whereas there were no differences in predation levels among the 
no cage, tack trap, and shaded treatments for the infestation level of three egg masses per 
plant. Chewing predators accounted for an average of 72.5% of the total predation rates. 
Similar to the 1994 tassel stage com and 1995 whorl stage com, the differences in hatching 
and predation between plants that were infested with one versus three egg masses were not 
significantly different within each treatment (t-test for hatching levels: no cage, t = 0.36; df = 
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62; P = 0.72; tack trap, t = 0.06; df = 62; P = 0.95; shaded, t = 0.78; df = 62; P = 0.44; large 
meshed, t = 0.99; df = 62; P = 0.33; small meshed, t = 0.06; df = 62; P = 0.95) (t-test for 
predation levels: no cage, t = 0.53; df = 62; P = 0.60; tack trap, t = 0.38; df = 62; P = 0.71: 
shaded, t = 1.06; df = 62; P = 0.20; large meshed, t = 0.22; df = 62; P = 0.82; small meshed. 
t= 1.40; df= 62; P = 0.17). 
Hatching levels of 0. nubilalis eggs on the 1996 whorl stage com were also higher on 
caged plants for both infestation levels, although hatching levels on shaded plants were not 
different from those found in the large meshed cage (Table 4). There were no differences in 
egg predation levels among the no cage, the tack trap, and the shaded treatments for both 
infestation levels. Qiewing predators accounted for an average of 83% of the total predation 
rates. Similar to the 1994 tassel stage com, and the 1995 whorl and tassel stage com, the 
differences in hatching and predation between plants that were infested with one versus three 
egg masses were not significantly different within each treatment in 1996 (t-test for hatching 
levels: no cage, t = 1.32; df = 62; P = 0.19; tack trap, t = 1.30; df = 62: P = 0.26: shaded, t = 
1.95; df = 62; P = 0.44; large meshed, t = 1.14; df = 62; P = 0.37; small meshed, t = 1.25: df 
= 62; P = 0.87) (t-test for predation levels: no cage, t = 0.98; df = 62; P = 0.70; tack trap, t = 
1.16; df = 62; P = 0.77; shaded, t = 0.61; df = 62; P = 0.41; large meshed, t = 0.56; df = 62; 
P = 0.62; small meshed, t = 0.29; df = 62; P = 0.73). 
Densities of O. nubilalis larvae 
1994. Larval densities among cage treatments were not significantly different for all 
sampling dates for tassel stage com infested with one egg mass per plant (Fig. 1 A). For tassel 
stage com infested with three egg masses per plant, differences in larval densities were 
significant among treatments for sampling days 1 and 4. On day 1, larval densities in large 
meshed cage (6.3 larvae per plant) and tack trap (6.4 larvae per plant) treatments were 
significantly higher than those in shaded (2.9 larvae per plant) and no cage treatments (3.5 
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larvae per plant) (Fig IB). Larval densities in large meshed cage (4 larvae) were significantly 
higher than densities in shaded (1.4), tack trap (1.1), and no cage (0.8) treatments (Fig. IB). 
1995. The differences in larval densities among treatments were significant on 5 
sampling days (days 1, 2, 6,7, and 8) for whorl stage com infested with one egg mass per 
plant. On sampling day 1, caged plants had higher densities than uncaged plants (Fig. 2A). 
On day 2, density differences were not significant among small meshed cage (5), large 
meshed cage (3.8 larvae) and tack trap (3.1), but densities from tiiese three treatments were 
significantly different from those in shaded (0.6 larva) and no cage (1.3) treatments (Fig. 2A). 
On day 6, the larval density inside the small meshed cage was significantiy higher than 
densities from other treatments. On day 7, densities in small meshed cage were significantly 
different from those in tack trap and no cage treatments, whereas densities in large meshed 
cage, and shaded treatments were intermediate (Fig. 2A). Densities in small meshed cage 
were also higher than those in other treatments on day 8 (Fig. 2A). 
Differences in larval densities among treatments were significant on 7 sampling days 
(days 1,2, 3,4, 6,7, and 8) for whorl stage com infested with three egg masses per plant. 
Caged plants had significantiy higher densities than uncaged plants both on sampling days 1 
and 2 (Fig. 2B). On sampling day 3, densities in small meshed cage and shaded treatments 
were not significantly different from each other but both were significantly higher than 
densities found in the no cage, tack trap, and the large meshed cage treatments (Fig. 2B). On 
sampling days 4,7, and 8, plants in the small meshed cage had the highest densities, whereas 
on sampling day 6, the treatments with significantly different densities were small meshed 
cage (3.5) and the no cage (0.6) (Fig 2B). 
Differences in larval densities among treatments were significant on 4 sampling days 
(days 1,2,3, and 6) for tassel stage com infested with one egg mass per plant. Caged plants 
had significantly higher densities than uncaged plants on day 1 (Fig. 3A). On day 2, the 
treatments with significantiy different densities were small meshed cage (5.1) and shaded 
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(2.4) (Fig 3A). Larval densities in the shaded treatment were also significantly lower than 
densities found in small meshed and the no cage treatments on day 3. On day 6, plants in the 
large meshed cage had the highest densities (Fig 3A). There were no significant differences in 
larval densities on days 4, 5, 7, and 8 (Fig. 3A). 
Differences in larval densities among treatments were significant on 5 sampling days 
(days 1, 2,4,5, and 6) for tassel stage com infested with three egg masses per plant. On day 
1, densities on shaded plants (4.4) were significantly lower than densities on plants in small 
meshed cage (8.5) (Fig. 3B). On sampling day 2, shaded plants had the lowest density, 
whereas plants in the no cage treatment had the lowest density on day 4 (Fig 3B). On day 5. 
the treatments with significantly different densities were small meshed cage (4.6) and tack trap 
(2) (Fig 3B). Densities in large meshed cage were significantly higher than those in shade and 
the tack trap treatments on day 6 (Fig. 3B). 
1996. Differences in larval densities among treatments were significant on 3 sampling 
days (days 2,7, and 8) for whorl stage com infested with one egg mass per plant. On day 2. 
densities on plants with tack trap were significantly lower than densities on caged plants, 
whereas, both on days 7 and 8, densities on plants with no cage were significantly lower than 
densities on plants in small meshed cage (Fig. 4A). Density differences among treatments on 
days 1, 3, 4, 5, and 6 were not significant. 
Differences in larval densities among treatments were significant on 5 sampling days 
(days 1, 2, 3,4, and 8) for tassel stage com infested with three egg masses per plant. 
Densities on plants in small meshed cage were significantly higher than densities on plants in 
the no cage, tack trap, and large meshed cage treatments (Fig. 4 B). However, both on 
sampling days 2 and 3, plants in the no-cage treatment had significantly lower densities than 
plants in large meshed and small meshed cages (Fig. 4B). On day 4, differences in larval 
densities between shaded and small meshed cage treatments were significant, whereas, on day 
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8, densities in shaded and the no-cage treatment were significantly different from densities in 
large meshed and small meshed cages (Fig. 4B). 
Disease and parasitism prevalence in Ostrinia nubilalis larvae. Because there 
were no statistical differences in proportions of diseased and parasitized O. nubilalis lar\'ae 
between plants infested with one and three O. nubilalis egg masses, the data from both 
infestation levels were pooled and analyzed together. 
Larvae collected from 1994 tassel stage com. Most (>73%) of the collected O. 
nubilalis larvae were infected by an entomopathogenic microsporidium, Nosema pyrausta: 
these infection levels were not influenced by the treatments (Table 5). Levels of infection by 
Beauveria bassiana were also not influenced by treatments (Table 5). However, the 
proportions of larvae infected by B. bassiana were lower than N. pyrausta infection levels. 
Parasitism levels were influenced by ueatments; the three non-cage treatments had higher 
proportions of 0. nubilalis larvae parasitized (Table 5). The presence of parasitism in large 
meshed cage indicates that parasitoids moved through the cage mesh. 
Larvae collected from 1995 whorl stage com The proportions of larvae killed by B. 
bassiana were not influenced by treatments; but these were relatively low (range 0.018 to 
0.12). Mortality due to parasitism was low and this occurred only in the no cage and shaded 
treatments (Table 6). More larvae were infected by N. pyrausta, and proportions infected 
were significantly different among treatments. High proportions of larvae infected with N. 
pyrausta were found in shaded, large meshed, and small meshed treatments compared with the 
no cage and tack trap ueatments. 
Larvae collected from 1995 tassel stage com. The proportions of larvae infected and 
killed by B. bassiana were not significantly different among treatments (Table 7). Larvae on 
caged plants were not parasitized, whereas the highest proportion of parasitized larvae was 
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found in tlie shade treatment (Table 7). Most (>51%) of the larvae were infected with N. 
pyrausta; the infection levels by N. pyrausta were not influenced by treatments (Table 7). 
Larvae collected from 1996 whorl stage com. Both B. bassiana infection levels and 
parasitism levels were low compared with infection levels from N. pyrausta (Table 8). The 
treatments did not affect the proportions of larvae killed by B. bassiana. Parasitism occurred 
only in the tack trap treatment (Table 8). The proportions of larvae infected by N. pyrausta 
were also not significantly different among treatments (Table 8). 
DISCUSSION 
Several studies have identified insect predators as important sources of mortality of 0. 
nubilalis (Sparks et al. 1966; Frye 1972). Sparks et al (1966) reported that although the 
impact of insect predators was high, it was not spatially or temporally consistent. However, 
the evaluation by Sparks et al. (1966) has several problems, which potentially led to data mis­
interpretation. The first problem is that, 0. nubilalis eggs that were at an advanced embryonic 
development (black-head stage) were used to infest com plants. This means that eggs, i.e. the 
stage utilized and preferred most by many insect predators (Dicke & Jarvis 1962; Obrycki et al 
1989; Andow 1990), were exposed to predation for a limited time. The second problem is 
that, O. nubilalis egg masses were placed inside the plant whorl, where they probably were 
concealed and inaccessible by predators. During the whorl stage com, O. nubilalis females 
usually deposit egg masses on the undersides of fully-emerged leaves (Mason et al. 1996). 
The third problem is that, the impact of predation was based on comparisons of densities of 
mature larvae between caged and uncaged plants. Many other factors, biotic and abiotic, 
which have more impact on larval densities than insect predators, can confound the impact of 
predation on densities of mature larvae. 
In our study, the impact of insect predators on 0. nubilalis was evaluated not only on 
reductions in larval densities but also on densities of the eggs, the stage most vulnerable to 
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insect predation. Insect predation accounted for >50% reduction in egg densities. Insect 
predators that occurred in abundance in our experimental plots were Coleomegilla maciilam, 
chrysopids, and Orius insidiosus. Most egg predation was caused by chewing predators, 
particularly C. maculata, because it is the only lady beetle that readily feeds on and is capable 
of completing development on 0. nubilalis eggs (Andow 1990; Phoofolo & Obrycki 1997). 
The impact of ground dwelling predators on O. nubilalis eggs was not evident in our study, 
because predation levels in tack trap and no cage treatments were not significantly different. 
Egg predation by piercing-sucking predators was mostly due to chrysopid larvae; very low 
proportion of O. nubilalis eggs were preyed on by O. insidiosus as indicated by the 
characteristic melanization of egg remains from its feeding (Andow 1990). 
The densides of 0. nubilalis larvae collected from the five ureatments were relatively 
low compared to the number of hatched eggs. These larval densities were also not 
consistently different between caged and uncaged treatments (Figs. 1-4). Proportions of eggs 
that hatched were clearly different between the caged and uncaged tteatments, but this 
difference was not observed in larval densities. Furthermore, differences in egg infestation 
levels (i.e., one egg mass vs. three egg masses) did not result in different larval densities. 
These findings were consistent for all years and (simulated)-generations, indicating that O. 
nubilalis larval survival was density-independent. The highest larval mortality occurred 
among the first and second instars, indicating that abiotic factors and/or the inability of young 
larvae to establish on the host plants were responsible. Similar results of high mortality 
among young O. nubilalis larvae have been reported by several researchers (Showers et al. 
1978; Siegel et al. 1987a; Ross & Ostlie 1990; Coll & Bottrell 1992). 
Among larvae collected from the five treatments, infection by Nosema pyrausta was 
the highest, compared with proportions of larvae either infected by Beauveria bassiana or 
parasitized by Macrocentrus grandii and Eriborus terebrans. However, unlike B. bassiana and 
parasitoids which directly kill their hosts, N. pyrausta infections are chronic. Individuals 
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infected by N. pyrausta have reduced adult longevity and fecundity as well as increased larval 
mortality (Kramer 1959b; Windels et al 1976; Lewis & Lynch 1976). But, because of its 
high prevalence, multiple modes of transmission, effects on reproductive capacity, and 
interactive ability with other mortality factors, N. pyrausta is probably the key factor in 
regulating population dynamics of O. nubilalis (Lewis & Lynch 1976; Siegel et al. 1986: 
Sajap & Lewis 1992; Lewis 1995). The incidence of B. bassiam was highest in 1994; a 
maximum of 21.4% of collected O. nubilalis larvae were infected. The overall infection levels 
we observed were lower than levels observed (84%) by Bing & Lewis (1993) among 
overwintering larvae. The impact of B. bassiana appears to be greatest on the overwintering 
population of 0. nubilalis (L. C. Lewis, unpublished data). With an exception of 1994 when 
parasitism levels peaked at 31.1%, the impact of M. grandii on reducing O. nubilalis densities 
was relatively small. Similarly, Siegel et al (1987a) found low levels of parasitism by M. 
grandii in Illinois. 
The overall mortality suffered by 0. nubilalis from the egg stage to the adult stage as a 
result of bodi biotic and abiotic factors averaged >95%. Other smdies have also reported this 
high levels of O. nubilalis monality (Showers et al. 1978; Siegel et al. 1987a; Hudon & 
LeRoux 1986; Coll & Bottrell 1992). Therefore, the biology of O. nubilalis seems similar to 
other stalk borers which persist as pests in spite of suffering high generational mortalities, 
largely due to their reproductive potential (Hudon & LeRoux 1986; Tucker 1934). 
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Table I. Fate of Ostrinia nubilalis egg masses on 1994 tassel stage corn 
Percentage of eggs 
Infestution levels 
1 egg mass per plant 3 egg masses per plant 
Treatment Hatched Preyed Unknown Hatched Preyed Unknown 
No cage 25.0 ±7.7a 62.5 ±8.6a 12.5 41.0 ±5.2a 50.1 ±4.9a 8.9 
Tack trap 21.9 ±7.3a 62.5 ±8.6a 15.6 32.7 ±4.0a 57.6 ±3.9a 9.7 
Shaded 26.6 ±7.7a 64.1 ±8.4a 9.3 35.0 ±3.9a 56.7 +3.9a 9.7 
Large meshed 54.7 +8.8b 32.8 ±8.2b 12.5 65.3 +3.4b 24.2 ±3.7b 10.5 
Small meshed 71.6 ±7.5b 22.2 ±7.0b 6.2 69.3 ±4.9b 20.6 ± 2.9b 10.1 
F-value 7.7 5.7 14.6 23.5 
df 4, 150 4, 150 4, 149 4, 149 
P-value 0.0001 0.0003 0.0001 0.0001 
Means within a column followed by the same letter are not significantly different 
Table 2. Fate of Ostrinia nubilalis egg masses on 1995 whorl stage corn 
Percentage of eggs 
Infestation levels 
1 egg mass per plant 3 egg masses per plant 
Treatment Hatched Preyed Unknown Hatched Preyed Unknown 
No cage 37.5 ±3.7a 53.1 ±5.6a 9.4 38.7 ±4.0a 43.8 +5.3a 17.5 
Tack trap 49.7 ±2.9a 40.9 ±3.8a 9.4 50.7 ±4.9ab 40.1 ±4.4a 9.2 
Shaded 73.4 ±8.4b 20.3 ±2.7b 6.3 61.0 ±5.8b 31.8 ±5.3a 7.2 
Large meshed 76.6 ±6.2b 12.5 ±2.6b 10.9 75.0 ±4.5c 18.8 ±3.7b 6.2 
Small meshed 92.2 ±8.9b 4.7 ±3.2b 3.1 88.7 ±2.8d 7.3 ±2.4b 4.0 
F-value 9.0 8.8 19.3 12.2 
df 4, 150 4, 150 4. 150 4, 150 
P-value 0.0001 0.0001 0.0001 0.0001 
Means within a column followed by the same letter are not significantly different 
Table 3. Fate of Ostrinia nubiialis egg masses on 1995 tassel stage corn 
Percentage of eggs 
Infeslution levels 
1 egg mass per plant 3 egg masses per plant 
Treatment Hatched Preyed Unknown Hatched Preyed Unknown 
No cage 29.7 ±3.3a 54.7 ±2.4a 15.6 26.0 ±3.5a 60.3 ±6.6a 13.7 
Tack trap 25.0 ±4.2a 71.9 ±7.5ab 3.1 24.3 ±2.6a 68.3 ±5.9a 7.4 
Shaded 10.9 ±2.3a 79.7 ±8.3b 9.4 I6.0±2.3a 70.3 ±7.6a 13.7 
Large meshed 79.7 ±6.8b 17.2 ±3.2c 3.1 73.3 ±6.9b 15.7 ±3.3b 11.0 
Small meshed 76.6 ±7.4b 23.4 ±4.1c 0.0 76.0 ±8.6b 12.6 ±2.6b 11.4 
F-value 21.4 15.3 30.0 29.8 
df 4, 150 4, 150 4, 150 4, 150 
P-value 0.0001 0.0001 0.0001 0.0001 
Means within a column followed by the same letter are not significantly different 
Table 4. Fate of Ostrinia nubilalis egg masses on 1996 whorl stage corn 
Percentage of eggs 
Infestation levels 
1 egg mass per plant 3 egg masses per plant 
Treatment Hatched Preyed Unknown Hatched Preyed Unknown 
No cage 17.2 ±3.4a 51.6 ±4.8a 31.2 29.3 ±3.3a 59.3 ±5.6a 11.4 
Tack trap 29.7 ±4.2ab 57.8 ±6.4a 12.5 25.0 ±2.6a 58.3 ±6.3a 16.7 
Shaded 40.6 +5. lb 59.4 ±6.7a 0.0 46.3 ±4.5b 45.3 ±4.8b 8.4 
Large meshed 51.6 ±6.4bc 35.9 ±4.2b 12.5 54.7 ±5.7b 28.7 ±3.3c 16.6 
Small meshed 65.6 ±6.6c 18.8 ±2.3c 15.6 74.3 ±8.6c 9.9 ±2.6d 15.8 
F- value 
df 
P-value 
6.2 
4, 150 
0.0001 
4.6 
4, 150 
0.002 
1 1 . 1  
4, 150 
0.0001 
15.4 
4, 150 
0.0001 
Means within a column followed by the same letter are not significantly different 
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Table 5. The proportion of Ostrinia nubilalis larvae from the 1994 tassel 
stage corn that were either infected with Nosema pyrausta or Beauveria 
bassiana or parasitized 
Treatment 
Percentage of larvae with" 
Nosema pyrausta Beauveria bassiana Parasitoids'' 
No cage 83.1 16.2 31.1 a 
Tack trap 77.8 13.6 29.4 a 
Shaded 84.6 21.4 30.0 a 
Large meshed 84.2 11.9 7.9 b 
Small meshed 80.4 11.4 0.0 c 
F-value 0.46 0.44 8.93 
df 4, 118 4, 123 4, 70 
P-value 0.76 0.78 0.0001 
"Means within a column followed by the same letter are significantly different 
''Macrocentrus grandii accounted for >95% of parasitism; Eriborus terebrans was rarely found 
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Table 6. The proportion of Ostrinia nubilalis larvae from the 1995 whorl 
stage corn that were either infected with Nosema pyrausta or Beauveria 
bassiana or parasitized 
Treatment 
Percentage of larvae with 
Nosema pyrausta" Beauveria bassiana Parasitoids'' 
No cage 51.3a 7.7 1.5 
Tack trap 35.1b II.4 0.0 
Shaded 64.7 a 10.7 5.0 
Large meshed 65.4 a 2.1 0.0 
Small meshed 71.5 a 5.9 0.0 
F- value 6.53 1.75 2.13 
df 4, 221 4, 222 4, 204 
P-value 0.0001 0.14 0.08 
" Means within a column followed by the same letter are significantly different 
''Macrocentrus grandii accounted for >95% of parasitism; Eribonis terebrans was rarely found 
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Table 7. The proportion of Ostrinia nubilalis larvae from the 1995 tassel 
stage corn that were either infected with Nosema pyrausta or Beauveria 
bassiana or parasitized 
Percentage of larvae with 
Treatment Nosema pyrausta Beauveria bassiana Parasitoids" 
No cage 59.1 7.9 1.2 
Tack trap 51.3 9.1 0.6 
Shaded 66.0 10.5 6.3 
Large meshed 63.7 5.5 0.0 
Small meshed 64.4 8.7 0.0 
F-value 0.98 1.56 1.34 
df 4, 210 4, 210 4, 198 
P-value 1.24 0.91 0.09 
"Macrocentrus grandii accounted for >95% of parasitism; Eriborus terebrans was rarely 
found 
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Table 8. The proportion of Ostrinia nubilalis larvae from the 1996 whorl 
stage corn that were either infected with Nosema pyrausta or Beauveria 
bassiana or parasitized 
Percentage of larvae with 
Treatment Nosema pyrausta Beauveria bassiana Parasitoids" 
No cage 43.0 0.0 0.0 
Tack trap 39.9 2.3 7.9 
Shaded 47.9 0.0 0.0 
Large meshed 43.7 6.1 0.0 
Small meshed 62.9 5.7 0.0 
F-value 0.82 1.22 0.47 
df 4, 107 o
 
00
 
4, 83 
P-value 0.51 0.31 0.76 
"Macrocentrus grandii accounted for >95% of parasitism; Eriborus terebrans was rarely 
found 
Fig. 1. Ostrinia nubilalis larval densities collected from the 1994 tassel stage com 
Fig. 2. Ostrinia nubilalis larval densities collected from the 1995 whorl stage com 
Fig. 3. Ostrinia nubilalis larval densities collected from the 1995 tassel stage com 
Fig. 4. Ostrinia nubilalis larval densities collected from the 1996 whorl stage com 
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EVALUATION OF MORTALITY FACTORS OF THE EUROPEAN CORN BORER, 
OSTRINIA NUBILAUS (LEPIDOPTERA: PYRALIDAE) USING LIFE TABLE 
ANALYSIS 
A paper to be submitted to Economic Entomology 
Mpho W. Phoofoio and John J. Obrycki 
ABSTRACT 
Life table analysis was used to explain population dynamics of Osmnia nubilalis 
(Lepidoptera: Pyralidae) (Hiibner) in com. The analysis was based on density changes under 
five treatments with differential levels of exclusion of natural enemies, based on body size and 
flight ability, and two initial O. nubilalis egg densities (1 egg mass vs. 3 egg masses per plant) 
per treatment. The caged treatments demonstrated the impact of predation on the O. nubilalis 
egg stage. More than 40% of O. nubilalis eggs were preyed on. Proportion hatching and 
predation levels in a tack trap treatment were similar to those found in die no-cage treatment; 
indicating that ground-dwelling insect predators did not have an impact on the survival of 
eggs. The highest levels of mortality occurred among small larvae of O. nubilalis (1st and 2nd 
instars); in many treatments, across the generations, >80% died. Factors that caused this 
mortality were not identified. Mortahty among both medium and large larvae did not show 
any consistent pattem that indicated the impact of caging. Parasitism peaked at 31% in 1994, 
but its impact was relatively small in subsequent generations and years. Mortahty by 
Beauveria bassiana peaked at 21.4%. Although most larvae were infected by Nosema 
pyrausta, its impact on O. nubilalis is difficult to assess by life table analysis due to its chronic 
nature. Less than 5% of eggs put on plants survived to adult stage during all generations. 
The k-factor analysis identified the egg stage and large larvae as key stages. 
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INTRODUCTION 
The European com borer, Ostrinia nubilalis (Lepidoptera: Pyralidae) (Hiibner) continues to be 
a primary insect pest of com in spite of the existence of a complex of namral enemies 
throughout the U.S. com belt (Zimmack & Brindley 1957; Lewis 1982; Siegel et al. 1987a 
1987b; Andow 1990; Andow & Risch 1985; Landis & Haas 1992; Bing & Lewis 1993; 
Mason et al. 1996). Attempts, such as traditional host-resistance and chemical insecticides, to 
manage O. nubilalis to non-yield reducing densities have not been successful (Barry and 
Darrah 1991; Klun and Robinson 1969; Guthrie et al. 1986). The current focus of O. 
nubilalis management is on adopting Bacillus tliuringiensis (B.t.)-transgenic com that 
produces a toxin in almost all the plant parts and causes high mortality of O. nubilalis 
throughout the growing season (Benbrook 1996). In spite of its high potential as a 
management technique, the mode of the insecticidal action in transgenic plants creates such 
high selection pressures that development of resistance is predicted to be quite eminent unless 
(effective) resistance management strategies are adopted (Gould 1991; Kennedy & Whalon 
1995). 
One of the ways of increasing the efficiency of either chemical insecticides or B.t.-
transgenic com is the development of integrated management programs. Because such 
programs are based on the ecology of the pest species, they can enhance pest density 
reductions as a result of synergistic interactions between natural mortality factors and the 
management technique used (Gould et al. 1991; Gould 1996). Integrated pest management 
programs for O. nubilalis do not exist because basic information on the role of natural 
mortality factors on its population dynamics, necessary for developing such programs, is 
lacking. Life table smdies provide a powerful technique for evaluating namral enemies and 
other natural mortality factors (Bellows et al. 1992; Carey 1989). As part of a project to 
understand the dynamics of the namral enemies of O. nubilalis, we undertook this study to 
explain the population dynamics of O. nubilalis using life table analysis. 
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MATERIALS AND METHODS 
The experiment was conducted in field com in Story County, Iowa from 1994 to 
1996. The same com hybrid (Pioneer 3563) and cultivation practices (conventional tillage, 
fertilizer and herbicide application, and no insecticide spraying) were used during each of the 
three years. Tassel stage com was used in 1994 and only whorl stage com in 1996; both 
stages of com were used in 1995. Five treatments were used to evaluate natural enemies of O. 
nubilalis: (1) small-meshed (52 squares/cm") Lumite (1.8 by 1.8 by 1.8 m) cages that 
excluded all predators and parasitoids, (2) large-meshed (32 squares/cm") Lumite (1.8 by L8 
by 1.8 m) cages that allowed access by small predators (e.g. Onus insidiosus, early 
coccinellid and chrysopid instars, ants) and parasitoids, (3) open areas (of equal size to those 
covered by cages) that allowed all natural enemies access to O. nubilalis, (4) open areas as in 
(3) but each com plant had a ring of tangle foot (Tanglefoot Co.. Grand Rapids. MI) applied 
at the base just above the ground to exclude ground dwelling non-flying predators (e.g. ants, 
ground beetles, and spiders), and (5) open cage frames that were partially covered with small-
meshed cages to shade plants to simulate cage effects of treatment (1). There were 16 plants 
(8 per row) for each treatment (i.e., 16 plants per cage and 16 plants per open area for 
treatments 3,4, and 5). 
Treatment 1 quantified the impact of pathogens {N. pyrausta and B. bassianci) on O. 
nubilalis densities. Treatment 2 evaluated the impact of O. insidious, coccinellid larvae, 
chrysopid larvae, ants, and parasitoids, in addition to that of the pathogens. Treatment 3 
assessed the effect of all natural enemies of the com borer. Treatment 4 indirectly evaluated 
the impact that the com borer ground dwelling predators (e.g. ground beetles, ants and 
spiders) have on the densities of the com borer. Treatment 5 assessed any effect that shading 
might have had on O. nubilalis survival. 
Each of the five treatments had two infestation levels of O. nubilalis eggs and two 
replications. The infestation levels were: 1 egg mass per plant and 3 egg masses per plant 
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(compared to natural infestion, 1 egg mass per plant is equivalent to heavy infestation whereas 
3 egg masses per plant is an unlikely infestation but was included in this smdy to allow 
adequate assessment of namral enemies). Therefore, there were 20 plots (i.e., cages or open 
areas) total. The tteatments were blocked and randomly assigned to plots. The egg masses 
(approximately 30 eggs per mass) from laboratory-reared insects, were on a small wax paper 
disc (used in the laboratory as an oviposition substrate for 0. nubilalis females). These discs 
were stapled to the leaves. Both O. nubilalis generations were simulated to occur at 
approximately the time of the two generations in Iowa. Egg masses simulating the first 
generation were stapled on the undersides of leaves in mid-to-late whorl stage com (55 to 80 
cm extended leaf height) and those for the second generation were stapled on the undersides of 
leaves at tasseling and silking stage com. The egg masses were placed on the plants over the 
period of 8 days, two plants were infested per day. 
Each cohort of eggs was monitored twice per week to determine the fate of eggs. Egg 
predation from chewing predators was distinguished from predation from piercing-sucking 
predators as outlined by Andow (1990). After hatching, egg masses were returned to the 
laboratory to determine levels and types of egg mortality. Larval O. nubilalis densities were 
monitored twice a week through destructive sampling of two plants from each plot. This 
involved putting a plastic bag (2m x Im x Im) over the plant to be sampled and pulling it 
down to the ground-level, cutting the plant at the base and then closing the bag. Bagged 
plants were brought to the laboratory, where each plant was searched for O. nubilalis larvae, 
stalks were also split to look for the larvae. 
On each sampling date, live larvae were collected and reared individually on meridic 
diet in 20 ml plastic cups. Dead larvae on plants or larvae that died in the growth chamber 
were frozen and examined for N. pyrausta and B. bassiana infection. Infections by N. 
pyrausta were determined by preparing wet mounts from the homogenized abdomen of a 
specimen and looking for spores using a phase contrast microscope at 400x. Infections by B. 
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bassiana were determined by placing the thorax of specimen on a selective medium that 
favored the growth of B. bassiana (Doberski & Tribe 1980). Parasitism was determined by 
rearing; all parasitized hosts and the parasitoids were examined for N. pyraiista. Individuals 
that survived to the adult stage were examined for N. pyrausta by homogenizing their 
abdomen and preparing wet mounts. 
To organize the data into life tables, densities of larval instars in each ureatment were 
reorganized into small, medium, and large larval densities, representing densities of 1st and 
2nd, 3rd, and 4th and 5th instars, respectively. Number alive at the beginning of a stage . Ix. 
for the egg stage was the total number of eggs per plant (i.e., 30 eggs for plants that received 
1 egg mass or 90 eggs for plants that received 3 egg masses). The number of eggs found 
hatched was equated to Ix for small larvae whereas total densities for 3rd, 4th, and 5th instars 
collected from plants were summed to give Ix values for medium and large larvae. Because 
we collected all the larvae before they reached the pupal stage, Ix values for pupae and adults 
were the totals of individuals that survived to these stages during the laboratory rearing. 
The total number of eggs dying during the egg stage, dx, was the sum of number of 
eggs preyed on and eggs that either dried up (infertile) or dropped from plants (Phoofolo & 
Obrycki 1997). The dx value for small larvae was obtained by subtracting Ix for medium 
larvae from Ix for small larvae. The dx value for medium larvae was the difference between Ix 
for large larvae and Ix for medium larvae; similarly for large larvae and pupae, their dx values 
were equivalent to the difference between Ix values for pupae and large larvae and between Ix 
values for adults and pupae, respectively. More than one mortality factor (dxF) caused death 
within medium and large larval stages, and the dx values for these factors were calculated 
from the proportion of individuals killed by them obtained by Phoofolo & Obrycki (1997). 
Two other parameters calculated to show the extent or level of mortality during each life stage 
are lOOqx, which is equal to lOOdx/lx (i.e. the numbers dying as a percentage of the numbers 
entering that stage), and Sx, the proportion surviving in a stage. 
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We used k-factor analysis (Varley & Gradwell 1960) to compare the relative 
importance of each stage-specific mortality to the over-all generation mortality. The intensity 
or killing power during each stage was expressed as a k value, equal to the difference between 
the logarithm of the numbers entering the stage and numbers surviving the stage. For 
example, the k value for the egg stage in 1994 whorl stage com for the no-cage treatment 
receiving 1 egg mass per plant infestation equals [log (480) - log (84)] = 0.76. The sum of k 
values for eggs, small larvae, medium larvae, large larvae, and pupae equals the generational 
intensity of mortality, (K). To identify the key stage, that is the stage with k-values that 
correlate with the total generation K-values, we used the graphical method of plotting k values 
for each stage versus O. nubilalis generation and connecting successive generations with lines. 
We then visually compared these plots to that of total generation K-values. We used this 
analysis only for densities in the no-cage and the close meshed treatments to identify the key 
stage(s) under these different conditions. 
Voucher specimens of insects are in the Iowa State University Insect Collection. 
Department of Entomology, Iowa State University, Ames. 
RESULTS AND DISCUSSION 
The caging treatments demonstrated the impact of predation on the 0. nubilalis egg 
stage (Tables 1-4). In the no-cage treatment (all insect predators were allowed access to 
plants), less than 40% of O. nubilalis eggs hatched (Sx values ranged from 0.17 to 0.39). 
The proportion of O. nubilalis eggs that died due to predation ranged from 44 to 70% (Tables 
1-4). Proportion hatching and predation levels in the tack trap treatment were similar to those 
found in the no-cage treatment; indicating that ground-dwelling insect predators did not have 
an impact on the survival of O. nubilalis eggs (Tables 1-4). Survival of the egg stage was 
relatively higher in the treatments that excluded insect predators; however, total exclusion, 
particularly of small predators such as anthocorids and young larvae of coccinellids and 
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chrysopids, was not achieved during all four generations (Tables 1-4). Previously, life table 
analysis of densities of the Quebec population of 0. nubilalis observed from 1957 to 1965. 
reported that egg mortality averaged 15%, with 6% assigned to predation (Hudon & LeRoux 
1986). Predation in our study was much higher. 
The highest levels of mortality occurred among the small larvae of O. nubilalis (1st and 
2nd instars); proportions of larvae dying exceeded 80% in many treatments across the 
generations (Fig. 1; Tables 1-4). The proportion of small larvae dying (i.e., lOOqx) increased 
as a linear function of the number of individuals entering the stage of small larvae for up to 
densities of 4(X) larvae per 16 plants; lOOqx leveled-off at densities above 500 (Fig. 1). The 
factors that caused this mortality were not identified; few 2nd instars that we collected and 
reared died before they reached adult stage and neither Beaiiveria bassiana nor Nosemci 
pyrausta were found in their cadavers. Macroceiimis grandii, a major parasitoid of O. 
nubilalis larvae in Iowa, prefers to parasitize medium and large larvae (Wishart 1946). 
The impact of predation on larval stages is difficult to evaluate directly because 
predators do not leave any remains of prey. However, using exclusion methods gives an 
indirect assessment of predation, whereby, the difference in larval densities between open and 
enclosed areas is attributed to predation (Roland 1991). In our study, mortality levels among 
small O. nubilalis larvae were higher in enclosed (caged) areas than in open (uncaged) areas 
during 1994, 1995 tassel stage com, and 1996 (Tables 1-4). This may be because caged areas 
had higher densities, which as mentioned above, led to higher proportions of larvae that died 
(Fig. 1). High mortality levels among small O. nubilalis larvae have been observed by other 
researchers, many of whom attributed it to abiotic factors and/or the inability of small larvae to 
establish on host plants (Thompson 1928; Showers et al. 1978; Ross & Ostlie 1990; Coll & 
Bottrell 1992). However, Coll & Bottrell (1992) using exclusion cage methods that covered 
only certain parts of com plants (e.g., leaf axils and com ears) assigned ^0% of the mortality 
among small larvae to predation, particularly by Orius insidiosus. Hudon & LeRoux (1986) 
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observed an average of 15% mortality among small larvae in the univoltine population of O. 
nubilalis in Quebec, which they attributed to adverse environmental factors. 
Nosema pyrausta is included in the life tables for medium and large larvae only to 
show its prevalence. Infected individuals are not directly killed by the microsporidium: its 
impact on O. nubilalis is through reduced adult fecundity as well as decreased vigor among 
larvae, thus making them more susceptible to abiotic and biotic mortality factors (Kramer 
1959; Windels et al 1976; Lewis & Lynch 1976). This chronic namre of N. pyrausta 
infections makes it difficult to assess its impact on total mortality of O. nubilalis. Therefore, 
the total mortality levels among the medium and large larvae (i.e., total lOOqx) in Tables 1-4 
do not include values for lOOqx due to N. pyrausta. 
Total mortality levels among both medium and large larvae did not show any 
consistent pattern that indicated the impact of caging (Tables 1-4). However, monality due to 
parasitism was found more frequently in uncaged areas than in caged areas (Tables 1-4). 
Although parasitism levels peaked at 31% in 1994, the impact of parasitism on O. nubilalis 
densities was relatively low in subsequent generations and years (Tables 1-4). Results from 
studies conducted in Illinois also showed that larval parasitism by Macrocentrus gramlii has no 
impact on O. nubilalis densities (Siegel et al 1987b; Onstad et al. 1991). Mortality levels 
caused by B. bassiana reached the maximum in 1994, when 21.4% of medium larvae from the 
shade treatment died as a result of fungal infection (Table IC). However, during both 
generations in 1995 and in 1996, mortality caused by B. bassiana was at relatively low levels 
(Tables 2-4). B. bassiana appears to have its greatest impact on the overwintering stage (5th 
instars) of O. nubilalis, where infection levels can reach 84% (Bing & Lewis 1993). The 
ability of B. bassiana to survive in soil combined with its endophytic relationship with com 
plants may be the reasons why such high incidences occur (Bing & Lewis 1991; Wagner 
1997). Residual mortality among medium and large larvae was variable, ranging from 2.6 to 
79%. The high proportion of individuals infected by N. pyrausta , resulting in reduced vigor 
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because of its chronic pathology, may be associated with some of the high levels of residual 
mortality. 
The generation totals show that less than 5% of eggs put on plants survived to the 
adult stage during all the generations (Tables 1-4). These low survival levels are similar to 
those that have been reported for other 0. mibilalis populations in other geographic regions 
(Thompson 1928; Showers et al. 1978; Siegel et al. 1987b; Hudon & LeRoux 1986; Coll & 
Bottrell 1992). From the k-factor analysis of O. nubilalis densities in the no cage treatment 
that received 1 egg mass per plant infestation, the egg stage appeared to be the key-stage (Fig. 
2), whereas, for the no cage treatment that received 3 egg masses per plant, large larvae were 
the key stage (Fig. 3). Large larvae were also the key stage for densities in the small meshed 
cage that received 1 egg mass per plant and 3 egg masses per plant (Figs. 4 and 5). 
Therefore, according to the interpretation of k-factor analysis, monality in the egg stage for the 
no cage treatment that received 1 egg mass per plant infestation was the greatest source of the 
variation in the total generation to generation mortality. Similarly for the other three 
conditions, mortality among large larvae was the greatest source of variation in the total 
generation-to-generation mortality. It is important to realize that the key stage is not 
necessarily the stage most important in determining the average density levels of the pest 
population (Van Drieche & Bellows 1996). For example, whereas variations in generation to 
generation mortality of large larvae of 0. nubilalis may influence variation in total generation 
to generation mortality, the stage with the highest mortality (i.e., small larvae) may be the one 
that determines the average density of O. nubilalis populations. 
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Table 1. Life table of Ostrinia nubilalis on 1994 tassel stage corn. (Densities and proportions are per 16 plants) 
A. Small meshed cage 
Infestation = 1 0. nubilalis egg mass per plant Infestation = 3 0. nubilalis egg masses per plant 
Stage Ix dxF dx lOOqx Sx Ix dxF dx lOOqx Sx 
Eggs 480 Predators 134.4 28.0 0.72 1440 Predators 441.6 30.7 0.69 
Residual 29.8 6.2 0.94 Residual 145.4 10.1 0.90 
Total 164 34.2 0.66 Total 587.0 40.8 0.59 
Small larvae 315.8 Residual 266.2 84.3 0.16 853.0 Residual 801.8 94.0 0.06 
Medium larvae 49.6 B. hassiana 5.7 11.4 0.89 51.2 B. hassiana 6.2 12.1 0.89 
Parasitoids 0 0 1.0 Parasitoids 0 0 I.O 
Residual 24.7 49.8 0.50 Residual 21.0 41.0 0.59 
Total 30.4 61.3 0.39 Total 21.2 53.1 0.47 
Large larvae 19.2 B. hassiana 2.2 11.5 0.88 24 B. hassiana 2.5 10.3 0.90 
Parasitism 0 0 1.0 Parasitism 0 0 1.0 
Residual 12.5 65.1 0.35 Residual 14.0 58.3 0.42 
Total 14.7 76.6 0.23 Total 16.5 68.8 0.31 
Pupae 4.5 Residual 2.5 55.6 0.44 7.5 Residual 3.5 46.7 0.53 
Adults 2.0 4.0 
Generation total 477.8 99.5 0.005 1436 99.7 0.003 
Table 1 continued 
B. Large meshed cage 
Stage Ix dxF dx lOOqx Sx Ix dxF dx lOOqx Sx 
Eggs 480 Predators 216 45.0 0.55 1440 Predators 499.2 34.7 0.65 
Residual 60.0 12.5 0.87 Residual 151.2 10.5 0.89 
Total 276 57.5 0.42 Total 650.4 45.2 0.55 
Small larvae 204 Residual 149.6 73.3 0.27 789.6 Residual 716.0 90.7 0.09 
Medium larvae 54.4 B. basiana 6.5 11.9 0.88 73.6 B. hassiana 7.9 10.8 0.89 
Parasitoids 4.3 7.9 0.92 Parasitoids 4.7 6.4 0.94 
Residual 29.2 53.7 0.46 Residual 25.8 35.1 0.65 
Total 40.0 73.5 0.26 Total 38.4 52.2 0.48 
Large larvae 14.4 B. hassiana 1.9 13.2 0.87 35.2 B. hassiana 4.8 13.6 0.86 
Parasitoids 1.0 6.8 0.93 Parasitoids 2.1 5.9 0.94 
Residual 7.0 48.6 0.51 Residual 21.8 61.9 0.38 
Total 9.9 68.8 0.31 Total 28.7 81.5 0.18 
Pupae 4.5 Residual 1.0 22.2 0.78 6.5 Residual 2.0 30.8 0.69 
Adults 3.5 4.5 
Generation total 476.5 99.3 0.007 1435.5 99.7 0.003 
Table 1 continued 
C. Shaded cage 
Stage Ix dxF dx lOOqx Sx Ix dxF dx lOOqx Sx 
Eggs 480 Predators 350.4 73.0 0.27 1440 Predators 936 65 0.35 
Residual 44.6 9.3 Residual 119.5 8.3 0.92 
Total 395.0 82.3 0.18 Total 1055.5 73.3 0.27 
Small larvae 85.0 Residual 46.6 54.8 0.45 384.5 Residual 342.9 89.2 O.Il 
Medium larvae 38.4 B. bassiatui 8.2 21.4 0.79 41.6 B. hassiana 8.7 20.8 0.79 
Parasitoids 11.1 28.9 0.71 Parasitoids 14.0 33.6 0.66 
Residual 6.3 16.4 0.84 Residual 0.5 1.2 0.99 
Total 25.6 66.7 0.33 Total 23.2 55.8 0.44 
Large larvae 12.8 B. bassiam 2.7 21.1 0.79 18.4 B. hassiana 3.9 21.2 0.79 
Parasitoids 3.8 29.9 0.70 Parasitoids 5.5 30.0 0.70 
Residual 1.8 14.1 0.86 Residual 1.0 5.4 0.95 
Total 8.3 64.8 0.35 Total 10.4 56.5 0.43 
Pupae 4.5 Residual 3.5 77.8 0.22 8.0 Residual 1.5 18.8 0.81 
Adults 1.0 6.5 
Generation total 479 99.8 0.002 1433.5 99.5 0.005 
Table 1 continued 
D. Tack trap 
Stage Ix dxF dx lOOqx Sx Ix dxF dx lOOqx Sx 
Eggs 480 Predators 300.0 62.5 0.37 1440 Predators 969.6 67.3 0.33 
Residual 74.9 15.6 0.84 Residual 139.7 9.7 0.90 
Total 374.9 78.1 0.22 Total 1109.3 77.0 0.23 
Small larvae 105.1 Residual 61.9 58.9 0.41 330.7 Residual 277.9 84.0 0.16 
Medium larvae 43.2 B. bassiana 5.9 13.7 0.86 52.8 B. bassiana 6.3 12.0 0.88 
Parasitoids 12.7 29.4 0.71 Parasitoids 14.9 28.2 0.72 
Residual 5.4 12.5 0.87 Residual 1.2 2.3 0.98 
Total 24.0 55.6 0.44 Total 22.4 42.4 0.58 
Large larvae 19.2 B. bassiana 2.6 13.6 0.86 30.4 B. bassiana 4.6 15.2 0.85 
Parasitoids 5.6 29.4 0.71 Parasitoids 8.2 27.0 0.73 
Residual 8.5 44.3 0.56 Residual 12.6 41.4 0.59 
Total 16.7 87.0 0.13 Total 25.4 83.6 0.16 
Pupae 2.5 Residual 0.5 20.0 0.80 5.0 Residual 1.5 30.0 0.70 
Adults 2.0 3.5 
Generation total 477.8 99.5 0.005 1436.5 99.7 0.003 
Table 1 continued 
E. No cage 
Stage Ix dxF dx lOOqx Sx Ix dxF dx lOOqx Sx 
Eggs 480 Predators 336.0 70.0 0.30 1440 Predators 849.6 59.0 0.41 
Residual 60.0 12.5 0.87 Residual 128.2 8.9 0.91 
Total 396.0 82.5 0.17 Total 977.8 67.9 0.32 
Small larvae 84.0 Residual 42.4 50.5 0.49 462.2 Residual 420.6 91.0 0.09 
Medium larvae 41.6 B. hassiana 6.7 16.2 0.84 41.6 B. hassiana 6.5 15.6 0.84 
Parasitoids 12.9 31.1 0.69 Parasitoids 11.9 28.7 0.71 
Residual 1.2 2.9 0.97 Residual 2.0 4.8 0.95 
Total 20.8 50.0 0.5 Total 20.4 49.0 0.51 
Large larvae 20.8 B. hassiana 3.0 14.2 0.86 21.2 B. hassiana 3.6 17.1 0.83 
Parasitoids 5.8 28.1 0.72 Parasitoids 5.4 25.7 0.74 
Residual 8.0 38.5 0.62 Residual 6.7 31.6 0.68 
Total 16.8 80.8 0.19 Total 15.7 74.1 0.26 
Pupae 4.0 Residual 1.0 25.0 0.75 5.5 Residual 2.0 36.4 0.64 
Adults 3.0 3.5 
Generation total 477 99.4 0.006 1436.5 99.7 0.00: 
Table 2. Life table of Ostrinia nubilalis on 1995 whorl stage corn. (Densities and proportions arc per 16 plants) 
A. Small meshed cage 
Stage Ix dxF dx lOOqx Sx Ix dxF dx lOOqx Sx 
Infestation = I O. nubilalis egg mass per plant Infestation = 3 0. nubilalis egg masses per plant 
Eggs 480 Predators 22.6 4.7 0.95 1440 Predators 163.2 7.3 0.93 
Residual 14.9 3.1 0.97 Residual 57.6 4.0 0.96 
Total 37.5 7.8 0.92 Total 220.8 15.3 0.85 
Small larvae 442.5 Residual 365.7 82.6 0.17 1219.2 Residual 1132.8 92.9 0.07 
Medium larvae 76.8 B. hassiana 4.5 5.9 0.94 86.4 B. hassiana 5.4 6.3 0.94 
Parasitoids 0.0 0.0 1.0 Parasitoids 0.0 0.0 1.0 
Residual 11.5 15.0 0.85 Residual 20.2 23.4 0.77 
Total 16.0 20.8 0.79 Total 25.6 29.6 0.70 
Large larvae 60.8 B. hassiana 4.6 7.5 0.92 60.8 B. hassiana 3.6 5.9 0.94 
Parasitoids 0.0 0.0 0.0 Parasitoids 0.0 0.0 1.0 
Residual 34.2 56.3 0.44 Residual 15.2 25.0 0.75 
Total 38.8 63.8 0.36 Total 18.8 30.9 0.69 
Pupae 22 Residual 1.5 6.8 0.93 42.0 Residual 7.0 16.7 0.83 
Adults 20.5 35.0 
Generation total 459.5 95.7 0.04 1405.0 97.6 0.02 
Table 2 continued 
B. Large meshed cage 
Stage Ix dxF dx lOOqx Sx Ix dxF dx lOOqx Sx 
Eggs 480 Predators 60.0 12.5 0.87 1440 Predators 210.1 18.8 0.81 
Residual 52.3 10.9 0.89 Residual 89.3 6.2 0.94 
Total 112.3 23.4 0.77 Total 360.0 25.0 0.75 
Small larvae 367.7 Residual 305.3 83.0 0.17 1080 Residual 1009.6 93.5 0.06 
Medium larvae 62.4 B. hass'uma 1.5 2.4 0.98 70.4 B. hassiana 1.5 2.1 0.98 
Parasitoids 0.0 0.0 1.0 Parasitoids 0.0 0.0 1.0 
Residual 32.1 51.4 0.49 Residual 20.9 29.7 0.70 
Total 33.6 53.8 0.46 Total 22.4 31.8 0.68 
Large larvae 28.8 B. hassiana 0.5 1.8 0.98 48.0 B. hassiana 1.2 2.6 0.97 
Parasitoids 0.0 0.0 1.0 Parasitoids 0.0 0.0 i.O 
Residual 6.3 21.9 0.78 Residual 20.3 42.3 0.58 
Total 6.8 23.6 0.76 Total 21.5 44.8 0.55 
Pupae 22.0 Residual 2.5 11.4 0.89 26.5 Residual 1.5 5.7 0.94 
Adults 19.5 25 
Generation total 460.5 95.9 0.04 1415 98.3 0.02 
Table 2 continued 
C. Shaded cage 
Stage Ix dxF dx lOOqx Sx Ix dxF dx lOOqx Sx 
Eggs 480 Predators 91A 20.3 0.80 1440 Predators 457.9 31.8 0.68 
Residual 30.2 6.3 0.94 Residual 103.7 7.2 0.93 
Total 127.6 26.6 0.73 Total 561.6 39.0 0.61 
Small larvae 352.4 Residual 325.2 92.3 0.08 878.4 Residual 832.0 94.7 0.05 
Medium larvae 27.2 B. hassiana 3.1 11.5 0.88 46.4 B. hassiana 5.0 10.7 0.89 
Parasitoids 1.4 5.0 0.95 Parasitoids 2.5 5.4 0.95 
Residual 0.7 2.6 0.97 Residual 13.3 28.7 0.71 
Total 5.2 19.1 0.81 Total 20.8 44.8 0.55 
Large larvae 22 B. hassiana 2.2 9.8 0.90 25.6 B. hassiana 2.8 11.0 0.89 
Parasitoids 1.0 4.5 0.95 Parasitoids 1.0 3.8 0.96 
Residual 4.3 19.5 0.80 Residual 6.8 26.6 0.73 
Total 7.5 34.1 0.66 Total 10.6 41.4 0.59 
Pupae 14.5 Residual 1.0 6.9 0.93 15 Residual 1.0 6.7 0.93 
Adults 13.5 14 
Generation total 466.5 97.2 0.03 1426.0 99.0 0.01 
Table 2 continued 
D. Tack trap 
Stage Ix dxF dx lOOqx Sx Ix dxF dx lOOqx Sx 
Eggs 480 Predators 196.3 40.9 0.59 1440 Predators 577.4 40.1 0.60 
Residual 45.1 9.4 0.91 Residual 132.5 9.2 0.91 
Total 241.4 50.3 0.50 Total 709.9 49.3 0.51 
Small larvae 238.6 Residual 195.4 81.9 0.18 730.1 Residual 698.1 95.6 0.04 
Medium larvae 43.2 B. hassiana 4.9 11.4 0.89 32.0 B. hassiana 3.4 10.6 0.89 
Parasitoids 0.0 0.0 1.0 Parasitoids 0.0 0.0 1.0 
Residual 14.3 33.1 0.67 Residual 1.8 5.6 0.94 
Total 19.2 44.4 0.56 Total 5.2 16.3 0.84 
Large larvae 24 B. hassiana 2.8 11.8 0.88 26.8 B. hassiana 3.3 12.3 0.88 
Parasitoids 0.0 0.0 1.0 Parasitoids 0.0 0.0 1.0 
Residual 5.7 23.8 0.76 Residual 11.5 42.9 0.57 
Total 8.5 35.4 0.65 Total 14.8 55.2 0.45 
Pupae 15.5 Residual 2.0 12.9 0.87 12 Residual 2.5 20.8 0.79 
Adults 13.5 9.5 
Generation total 466.5 97.2 0.03 1430.5 99.3 0.007 
Table 2 continued 
E. No cage 
Stage Ix dxF dx lOOqx Sx Ix dxF dx lOOqx Sx 
Eggs 480 Predators 254.9 53.1 0.47 1440 Predators 630.7 43.8 0.56 
Residual 45.1 9.4 0.91 Residual 252.0 17.5 0.82 
Total 300 62.5 0.37 Total 882.7 61.3 0.39 
Small larvae 180.0 Residual 152.8 84.9 0.15 557.3 Residual 525.9 94.4 0.06 
Medium larvae 27.2 B. bassiana 2.4 8.7 0.91 31.4 B. bassiana 2.3 7.3 0.93 
Parasitoids 0.7 2.4 0.98 Parasitoids 0.6 1.8 0.98 
Residual 8.1 29.8 0.70 Residual 2.9 9.2 0.91 
Total 11.2 41.2 0.59 Total 5.8 18.5 0.81 
Large larvae 16.0 B. bassiana 1.3 8.4 0.92 25.6 B. bassiana 2.0 7.7 0.92 
Parasitoids 0.5 3.1 0.97 Parasitoids 0.4 1.5 0.99 
Residual 3.7 23.1 0.77 Residual 11.7 45.7 0.54 
Total 5.5 34.4 0.66 Total 14.1 55.1 0.45 
Pupae 10.5 Residual 0.5 4.8 0.95 11.5 Residual 0 0 1.0 
Adults 10.0 11.5 
Generation total 470.0 97.9 0.02 1428.5 99.2 o.ooe 
Table 3. Life table of Ostrinia nuhilalis on 1995 tassel stage corn. (Densities and proportions are per 16 plants) 
A. Small meshed cage 
Infeslation = I 0. nuhilalis egg mass per plant Infestation = 3 0. nuhilalis egg masses per plant 
Stage Ix dxF dx lOOqx Sx Ix dxF dx lOOqx Sx 
Eggs 480 Predators 112 23.3 0.77 1440 Predators 181.4 12.6 0.87 
Residual 0.0 0.0 1.0 Residual 164.2 11.4 0.89 
Total 112 23.3 0.77 Total 345.6 24.0 0.76 
Small larvae 368 Residual 296 80.4 0.20 1094.4 Residual 988.8 90.4 0.10 
Medium larvae 72 B. bassiana 6.3 8.7 0.91 105.6 B. hassiana 8.1 7.7 0.92 
Parasitoids 0.0 0.0 1.0 Parasitoids 0.0 0.0 1.0 
Residual 38.5 53.5 0.46 Residual 41.5 39.3 0.61 
Total 44.8 62.2 0.38 Total 49.6 47.0 0.53 
Large larvae 27.2 B. hassiana 2.5 9.2 0.91 56 B. bassiana 4.8 8.5 0.91 
Parasitoids 0.0 0.0 1.0 Parasitoids 0.0 0.0 1.0 
Residual 14.0 51.5 0.48 Residual 31.5 56.3 0.44 
Total 16.5 60.7 0.39 Total 36.3 64.8 0.35 
Pupae 10.7 Residual 2.5 23.4 0.77 19.7 Residual 7.0 35.5 0.64 
Adults 8.2 12.7 
Generation total 471.8 98.3 0.02 1427.3 99.1 0.009 
Table 3 continued 
B. Large meshed cage 
Stage Ix dxF dx lOOqx Sx Ix dxF dx lOOqx Sx 
Eggs 480 Predators 82.6 17.2 0.83 1440 Predators 226.1 15.7 0.84 
Residual 14.9 3.1 0.97 Residual 158.4 11.0 0.89 
Total 97.5 20.3 0.80 Total 384.5 0.27 0.73 
Small larvae 382.5 Residual 324.9 84.9 0.15 1055.5 Residual 956.3 90.6 0.09 
Medium larvae 57.6 B. bassiana 3.7 6.5 0.93 99.2 B. bassiana 5.8 5.8 0.94 
Parasitoids 0.0 0.0 1.0 Parasitoids 0.0 0.0 1.0 
Residual 9.1 15.8 0.84 Residual 35.8 36.1 0.64 
Total 12.8 22.2 0.78 Total 41.6 41.9 0.58 
Large larvae 44.8 B. bassiana 2.5 5.5 0.95 57.6 B. bassiana 2.8 4.9 0.95 
Parasitoids 0.0 0.0 1.0 Parasitoids 0.0 0.0 1.0 
Residual 25.8 57.6 0.42 Residual 37.5 65.1 0.35 
Total 28.3 63.2 0.37 Total 40.3 70.0 0.30 
Pupae 16.5 Residual 6.0 36.4 0.64 17.3 Residual 5.3 30.6 0.69 
Adults 10.5 12 
Generation total 469.5 97.8 0.02 1428 99.2 0.008 
Table 3 continued 
C. Shaded cage 
Stage Ix dxF dx lOOqx Sx Ix dxF dx lOOqx Sx 
Eggs 480 Predators 382.6 79.7 0.20 1440 Predators 1012.3 70.3 0.30 
Residual 45.1 9.4 0.91 Residual 197.3 13.7 0.86 
Total 427.7 89.1 0.11 Total 1209.6 84.0 0.16 
Small larvae 52.3 Residual 20.3 38.9 0.61 230.4 Residual 171.2 47.3 0.26 
Medium larvae 32 B. hassiana 3.7 11.5 0.88 59.2 B. hassiana 5.8 9.8 0.90 
Parasitoids 2.1 6.7 0.93 Parasitoids 3.7 6.3 0.94 
Residual 2.2 6.9 0.93 Residual 20.9 35.4 0.65 
Total 8.0 25.0 0.75 Total 30.4 51.4 0.49 
Large larvae 24 B. hassiana 2.7 1 I.I 0.89 28.8 B. hassiana 3.0 10.5 0.89 
Parasitoids 1.3 5.6 0.94 Parasitoids 1.7 5.9 0.94 
Residual 11.4 47.5 0.52 Residual 14.4 50.0 0.50 
Total 15.4 64.2 0.36 Total 19.1 66.3 0.34 
Pupae 8.6 Residual 2.6 30.2 0.70 9.7 Residual 0 0 1.0 
Adults 6.0 9.7 
Generation total 474 98.8 0.01 1430.3 99.3 O.OOl 
Table 3 continued 
D. Tack trap 
Stage Ix dxF dx lOOqx Sx Ix dxF dx lOOqx Sx 
Eggs 480 Predators 345.1 71.9 0.28 1440 Predators 983.5 68.3 0.32 
Residual 14.9 3.1 0.97 Residual 106.6 7.4 0.93 
Total 360 75.0 0.25 Total 1090.1 75.7 0.24 
Small larvae 120 Residual 75.2 62.7 0.37 349.9 Residual 268.3 76.7 0.23 
Medium larvae 44.8 B. hassuma 3.9 8.8 0.91 81.6 B. bassiana 7.9 9.7 0.90 
Parasitoids 0.7 1.6 0.98 Parasitoids 1.7 2.1 0.98 
Residual 8.2 18.3 0.82 Residual 43.2 52.9 0.47 
Total 12.8 28.6 0.71 Total 52.8 64.7 0.35 
Large larvae 32 B. hassuma 2.9 9.1 0.91 28.8 8. bassiana 2.4 8.5 0.91 
Parasitoids 0.3 0.9 0.99 Parasitoids 0.2 0.6 0.99 
Residual 20.8 65 0.35 Residual 16.2 56.3 0.44 
Total 24.0 75.0 0.25 Total 18.8 65.3 0.35 
Pupae 8.0 Residual 1.4 17.5 0.82 10.0 Residual 1.7 17.0 0.83 
Adults 6.6 8.3 
Generation total 473.4 98.6 0.01 1431.7 99.4 0.006 
Table 3 continued 
E. No cage 
Stage Ix dxF dx lOOqx Sx Ix dxF dx lOOqx Sx 
Eggs 480 Predators 262.6 54.7 0.45 1440 Predators 868.3 60.3 0.30 
Residual 74.9 15.6 0.84 Residual 197.3 13.7 0.86 
Total 337.5 70.3 0.30 Total 1065.6 74.0 0.26 
Small larvae 142.5 Residual 96.1 67.4 0.33 374.4 Residual 304.0 81.2 0.19 
Medium larvae 46.4 B. bassiana 4.6 9.9 0.90 70.4 B. bassiana 5.6 7.9 0.92 
Parasitoids 0.6 1.2 0.99 Parasitoids 1.6 2.3 0.98 
Residual 12.4 26.7 0.73 Residual 28.0 39.8 0.60 
Total 17.6 37.9 0.62 Total 35.2 50.0 0.50 
Large larvae 28.8 B. bassiana 2.2 7.7 0.92 35.2 B. bassiana 2.9 8.3 0.92 
Parasitoids 0.3 1.6 0.99 Parasitoids 0.7 2.0 0.98 
Residual 19.4 67.4 0.33 Residual lO.I 28.7 0.71 
Total 21.9 76.0 0.24 Total 13.7 38.9 0.61 
Pupae 6.9 Residual 0 0 1.0 21.5 Residual 2.9 13.5 0.86 
Adults 6,9 18.6 
Generation total 473.1 98.6 0.01 1421.4 98.7 0.01 
Table 4. Life table of Ostrinia nubilalis on 1996 whorl stage corn. (Densities and proportions are per 16 plants) 
A. Small meshed cage 
Infestation = 1 O. nubilalis egg mass per plant Infestation = 3 O. nubilalis egg ma.sses per plant 
Stage Ix dxF dx lOOqx Sx Ix dxF dx lOOqx Sx 
Eggs 480 Predators 90.2 18.8 0.81 1440 Predators 142.6 9.9 0.90 
Residual 74.9 15.6 0.84 Residual 227.5 15.8 0.84 
Total 165.1 34.4 0.66 Total 370.1 25.7 0.74 
Small larvae 314.9 Residual 263.7 83.7 0.16 1069.9 Residual 991.5 92.7 0.07 
Medium larvae 51.2 B. hassiana 2.9 5.7 0.94 78.4 B. hassiana 4.6 5.9 0.94 
Parasitoids 0.0 0.0 1.0 Parasitoids 0.0 0.0 1.0 
Residual 17.9 35.0 0.65 Residual 29.0 37.0 0.63 
Total 20.8 40.6 0.59 Total 33.6 42.9 0.57 
Large larvae 30.4 B. hassiana 2.2 7.2 0.93 44.8 B. hassiana 2.9 6.4 0.94 
Parasitoids 0.0 0.0 1.0 Parasitoids 0.0 0.0 1.0 
Residual 22.7 74.7 0.25 Residual 35.4 79.0 0.21 
Total 24.9 81.9 0.18 Total 38.3 85.5 0.15 
Pupae 5.5 Residual 0.5 9.1 0.91 6.5 Residual 1.5 23.1 0.77 
Adults 5.0 5.0 
Generation totals 475.0 99.0 0.01 1435 99.6 0.004 
Table 4 continued 
B. Large meshed cage 
Stage Ix dxF dx lOOqx Sx Ix dxF dx lOOqx Sx 
Eggs 480 Predators 172.3 35.9 0.64 1440 Predators 413.3 28.7 0.71 
Residual 60.0 12.5 0.87 Residual 239.0 16.6 0.83 
Total 232.3 48.4 0.52 Total 652.3 45.3 0.55 
Small larvae 247.7 Residua) 202.9 81.9 0.18 787.7 Residual 725.3 92.1 0.08 
Medium larvae 44.8 B. ba.isiana 2.9 6.4 0.94 62.4 B. hassiami 3.8 6.1 0.94 
Parasitoids 0.0 0.0 1.0 Parasitoids 0.0 0.0 1.0 
Residual 8.3 18.5 0.81 Residual 23.4 37.5 0.62 
Total 11.2 25.0 0.75 Total 27.2 43.6 0.56 
Large larvae 33.6 B. bassiana 1.9 5.6 0.94 35.2 8. hassiana 2.0 5.8 0.94 
Parasitoids 0.0 0.0 1.0 Parasitoids 0.0 0.0 1.0 
Residual 24.7 73.5 0.26 Residual 27.7 78.7 0.21 
Total 26.6 79.2 0.21 Total 29.7 84.4 0.16 
Pupae 7.0 Residual 2.5 35.7 0.64 5.5 Residual 0 0 1.0 
Adults 4.5 5.5 
Generation totals 475.5 99.1 0.009 1434.5 99.6 0.004 
Table 4 continued 
C. Shaded cage 
Stage Ix dxF dx lOOqx Sx Ix dxF dx lOOqx Sx 
Eggs 480 Predators 285.1 59.4 0.41 1440 Predators 652.3 45.3 0.55 
Residual 0.0 0.0 1.0 Residual 121.0 8.4 0.92 
Total 285.1 59.4 0.41 Total 773.3 53.7 0.46 
Small larvae 194.9 Residual 164.5 84.4 0.16 666.7 Residual 609.1 91.4 0.09 
Medium larvae 30.4 B. hassiami 0.0 0.0 1.0 57.6 B. hassiana 2.8 4.8 0.95 
Parasitoids 0.0 0.0 1.0 Parasitoids 0.0 0.0 1.0 
Residual 16.0 52.6 0.47 Residual 30.8 53.5 0.47 
Total 16.0 52.6 0.47 Total 33.6 58.3 0.42 
Large larvae 14.4 B. hassiana 0.7 5.0 0.95 24 B. hassiana 1.7 7.2 0.93 
Parasitoids 0.0 0.0 1.0 Parasitoids 0.0 0.0 1.0 
Residual 9.2 63.9 0.36 Residual 16.8 70.0 0.30 
Total 9.9 68.8 0.31 Total 18.5 77.1 0.23 
Pupae 4.5 Residual 1.0 22.2 0.78 5.5 Residual 0 0 1.0 
Adults 3.5 5.5 
Generation totals 476.5 99.3 0.007 1434.5 99.6 0.004 
Table 4 continued 
D. Tack trap 
Stage Ix dxF dx lOOqx Sx Ix dxF dx lOOqx Sx 
Eggs 480 Predators 277.4 57.8 0.42 1440 Predators 839.5 58.3 0.42 
Residual 60.0 12.5 0.87 Residual 240.5 16.7 0.83 
Total 337.4 70.3 0.30 Total 1080 75.0 0.25 
Small larvae 142.6 Residual 115.4 80.9 0.19 360.0 Residual 315.2 87.6 0.12 
Medium larvae 27.2 D. hassuma 0.6 2.3 0.98 44.8 B. hassiana 1.2 2.6 0.97 
Parasitoids 1.9 6.9 0.93 Parasitoids 3.5 7.9 0.92 
Residual 10.3 37.9 0.62 Residual 17.7 39.5 0.60 
Total 12.8 47.0 0.53 Total 22.4 50.0 0.50 
Large larvae 14.4 B. hassiana 0.8 5.8 0.94 22.4 B. hassiana 0.8 3.5 0.94 
Parasitoids 1.1 7.7 0.92 Parasitoids 1.9 8.3 0.92 
Residual 8.5 59.0 0.41 Residual 7.2 32.1 67.9 
Total 10.4 72.2 0.28 Total 9.9 44.2 0.56 
Pupae 4.0 Residual 0.5 12.5 0.87 12.5 Residual 1.5 12.0 0.88 
Adults 3.5 11.0 
Generation totals 476.5 99.3 0.007 1429 99.2 0.008 
Table 4 continued 
E. No cage 
Stage Ix dxF dx lOOqx Sx Ix dxF dx lOOqx Sx 
Eggs 480 Predators 247.7 51.6 0.48 1440 Predators 853.9 59.3 0.41 
Residual 149.8 31.2 0.69 Residual 164.2 11.4 0.89 
Total 397.5 82.6 0.17 Total 1018.1 70.7 0.29 
Small larvae 82.5 Residual 53.7 65.4 0.35 421.9 Residual 386.7 91.7 0.08 
Medium larvae 28.8 B. hassicma 1.3 4.6 0.95 35.2 B. hassiana 0.0 0.0 1.0 
Parasitoids 0.0 0.0 1.0 Parasitoids 0.0 0.0 1.0 
Residual 9.9 34.4 0.66 Residual 14.4 40.9 0.59 
Total 11.2 38.9 0.61 Total 14.4 40.9 0.59 
Large larvae 17.6 B. hassiana 0.9 5.1 0.95 20.8 B. hassiana 0.9 4.2 0.96 
Parasitoids 0.0 0.0 1.0 Parasitoids 0.0 0.0 1.0 
Residual 13.2 75.0 0.25 Residual 8.5 40.9 0.59 
Total 14.1 80.1 0.20 Total 12.3 59.1 0.41 
Pupae 3.5 Residual 2.0 57.1 0.43 8.5 Residual 0.5 5.9 0.94 
Adults 1.5 8.0 
Generation totals 478.5 99.7 0.003 1432 99.4 0.006 
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Fig. 1. Percentage mortality (lOOqx) of small larvae (1st and 2nd instars) of Ostrinia 
nubilalis as a function of the number of larvae entering the stage (Ix) 
Fig. 2. Graphical analysis of Ostrinia nubilalis stage-specific mortality for densities in the no 
cage treatment that recieved an infestation level of one egg mass per plant 
Fig. 3. Graphical analysis of Ostrinia nubilalis stage-specific mortality for densities in the no 
cage treatment that recieved an infestation level of three egg masses per plant 
Fig. 4. Graphical analysis of Ostrinia nubilalis stage-specific mortality for densities in the 
small-meshed cage treatment that recieved an infestation level of one egg mass per 
plant 
Fig. 5. Graphical analysis of Ostrinia nubilalis stage-specific mortality for densities in the 
small-meshed cage treatment that recieved an infestation level of three egg masses p)er 
plant 
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EVALUATION OF AUGMENTATIVE RELEASES OF TRICHOGRAMMA BRASSfCAE 
FOR THE SUPPRESSION OF OSTRINIA NUBILAUS IN FIELD CORN 
A paper submitted to Biological Control 
Mpho W. Phoofolo and John J. Obrycki 
Abstract 
Trichogramma brassicae Bezdenko (Hymenoptera: Trichogrammatidae), an egg 
parasitoid of Ostrinia nubilalis (Hiibner) (Lepidoptera: Pyraiidae) native to Europe is being 
used to suppress O. nubilalis densities in com fields in Europe due to easy production and 
storage of mass-reared wasps. To assess the potential of using inundative releases of T. 
brassicae against O. nubilalis in Iowa, we released different numbers of wasps In 0.25 hectare 
plots to examine the relationship between release rates and parasitism levels. The number of 
wasps released in each plot was: 0 (control), 25,000, 50,000, 100,000. and 200.000 wasps. 
Levels of egg parasitism were significantly affected by the number of parasitoids released in 
1995 and 1996. Although one of the release rates that we used (200,000 parasitoids) is higher 
than the rate recommended in Europe, levels of 0. nubilalis egg parasitism we observed were 
lower (maximum of 54%) compared to those reported in Europe (maximum of 93%). The 
percentage of O. nubilalis egg masses preyed upon by namrally occurring predators (both 
parasitized and unparasitized egg masses) was not influenced by the number of wasps released 
in 1995. However, in 1996, predation rate was inversely correlated with T. brassicae release 
rates, suggesting that T. brassicae release rates influenced egg predation. 
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INTRODUCTION 
The European com borer, Ostrinia nubilalis (Hubner) (Lepidoptera: Pyralidae) 
continues to be the most important above-ground insect pest of maize {Zea mays L.) (field 
com, sweet com, and pop com) throughout the U. S. Com Belt. Yield losses caused by O. 
nubilalis result primarily from the physiological damage suffered by the com plants due to 
larval leaf feeding, leaf-sheath collar feeding, stalk tunneling, and ear damage. Throughout it.s 
range, O. nubilalis has from one to four annual generations (Showers et al., 1989; Mason et 
al., 1996). Management techniques that are commonly used (recommended) to control O. 
nubilalis infestations include (i) cultural practices, which involve early planting and early 
harvesting, (ii) resistant cultivars, and (iii) chemical insecticides (Showers et al., 1989; Mason 
et al., 1996). Cultural practices are effective only if they are synchronously done on an area 
wide basis, which is seldom practical. Use of varietal resistance has so far only been effective 
against larvae feeding on whorl stage com (Barry and Darrah, 1991). This is because the 
concentration of the chemical factor responsible for resistance (2,4-dihydroxy-7-methoxyl-
l,4-ben20xazin-3-one) decreases significantly as the com plant mamres (Klun and Robinson. 
1969; Guthrie et al., 1986). Chemical insecticides, which constitute the management 
technique most heavily relied upon, are however not entirely effective against O. nubilalis 
because of the relatively short period the larvae feed externally prior to boring into the plant. 
There is currently a rapidly growing concem among the general public about 
insecticide residues on agricultural commodities, effect of insecticides on nontarget organisms 
and environmental contamination. This necessitates development of alternative management 
tactics against pests such as 0. nubilalis. Two methods that have potential in controlling 0. 
nubilalis are biological control and Bacillus thuringiensis-\xdx\s%&mc com that is resistant to 
larval feeding. Successful biological control of O. nubilalis through augmentative release of 
mass-reared Trichogramma species is a common practice for commercial com production in 
many Eurasian counoies (Olkowski and Zhang, 1990). Interest in incorporating 
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Trichogramma augmentation into the existing integrated management of O. nubilalis is 
growing in the U. S., and studies aimed at testing the efficiency of these parasitoids have been 
done (Kanour and Burbutis, 1984; Andow and Prokrym, 1991; Prokrym et al., 1992, Losey 
et al., 1995). 
For augmentative biological control of O. nubilalis by inundative releases of 
Trichogramma spp. to be a viable tactic, many problems must be solved, including selection 
of suitable species and populations, efficient systems of mass rearing and field distribution. 
(Hassan, 1994; Smith, 1996). Adverse environmental factors following release, such as 
predation and desiccation of released material can also be major impediments to the use of 
Trichogramma (Dutton et al., 1996). Research by a French government agency. National 
Institute for Agronomic Research (Institut National de la Recherche Agronomique) and a 
private company. Union Nationale des Cooperatives Agricoles d'Approvisionement. resulted 
in an encapsulation procedure to protect Trichogramma brassicae Bezdenko (synonymous to 
r. maidis Pinmreau and Voegele), an egg parasitoid of O. nubilalis native to Europe, against 
predation and desiccation (Frandon and Kabiri, 1990). Trichogramma brassicae parasitized 
Ephestia kuehniella Zeller eggs are packaged in small walnut-shaped (2 cm) cardboard 
capsules (Trichocaps®), coated with paraffin and puncmred to allow escape of the parasitoids. 
This invention has facilitated the conunercial production of this Trichogramma species. T. 
brassicae is being used successfully and economically by farmers to control O. nubilalis 
densities in com fields in Europe (Bigler, 1986; Frandon and Kabiri, 1990; Burgio and Maini. 
1995; Bigler, 1986; Bigler and Brunetti, 1986; Ciochia, 1990; Smith, 1996). 
The desired levels of egg parasitism by Trichogramma spp. following augmentative 
releases, based on simulation models, are > 80% (Knipling and McGuire, 1968). Because 
both macro- and micro-enviroimient in com agroecosystems in Iowa are different from 
Europe, the release rates that can provide such levels of O. nubilalis egg parasitism are likely 
to differ. Thus, the objective for this study was to compare the effects of different rates of T. 
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brassicae inundative release in com fields on the parasitism levels of O. nubilalis eggs and 
reduction in larval densities and their damage. We also determined how these release rates 
affect predation levels of 0. nubilalis eggs by naturally occurring insect predators. 
MATERIALS AND METHODS 
The experiment was conducted in field com in Boone County, central Iowa, (1995-
1996) during the second flight Ostrinia nubilalis. During 1995 and 1996, the same com 
hybrid (Pioneer 3563) and cultivation practices (conventional tillage, fertilizer and herbicide 
application, and no insecticide) were used. Five treatments (4 release rates plus control) were 
used to evaluate augmentation of Trichogramma brassicae on 0. nubilalis suppression. Each 
release rate was randomly assigned a (60 by 42 m = approximately 0.25 hectare) plot. The 
plots were separated from each other by a distance of more than 600 m. To predict the 
beginning of O. nubilalis oviposition two methods were used: (1) the presence of at least one 
adult in black-light traps and (2) accumulation of heat units (approximately 190 degree days 
(>50 °F)) after pupation of previous generation (Mason et al., 1996). 
Trichogramma brassicae parasitoids used in this study are commercially produced in 
France. These parasitoids are packaged as approximately 500 parasitized host eggs in small (2 
cm) cardboard capsules (Trichocaps®) (Frandon and Kabiri 1990). Wasps were shipped 
from France to Iowa while they were in diapause, via United States Department of 
Agriculmre-Animal and Plant Health Inspection Service Quarantine Laboratory in Newark, 
Delaware, and stored (temporarily) at conditions that maintained their diapause (3°C. 75% 
RH). When O. nubilalis started to pupate in the field, the wasps were placed outdoors in a 
meteorological recording box. After approximately 100 degree days (> 10 °C) the wasps were 
released in the experimental plots (during the com silking stage). 
Two releases were separated by an interval of 7 d so that the total number in each 
release rate (treatment) was: (1)0 Trichocaps released per plot (control), (2) 50 Trichocaps per 
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plot = 25,000 wasps per plot, (3) 100 Trichocaps per plot = 50,000 wasps per plot, (4) 200 
Trichocaps per plot = 100,000 wasps per plot, and (5) 400 Trichocaps per plot = 200,000 
wasps per plot. The Trichocaps were placed in leaf axils near ears of plants that were 
systematically chosen. For treatment 2, Trichocaps were put on plants separated by 
approximately 20 m within a row, in every 8th row from the northern edge of the plot. For 
treatment 3, Trichocaps were put on plants separated by approximately 10 m within a row. in 
every 8th row from the northern edge of the plot. For treatment 4, Trichocaps were put on 
plants separated by approximately 10 m within a row, in every 4th row from the northern edge 
of the plot. For treatment 5, Trichocaps were put on plants separated by approximately 5 m 
within a row, in every 4th row from the northern edge of the plot. 
To determine if the quantity of the T. brassicae we used was similar to the formulation 
of Trichocaps (i.e., approximately 500 parasitoids per capsule), we placed 10 Trichocaps 
individually in one-ounce "creamer" cups (Bio-Serv®, Frenchtown, NJ) and held them in a 
growth chamber (21 °C,75% relative humidity, and a photoperiod of 16:8 (L:D) h) two times 
per year to correspond to release times. After adult parasitoids emerged from the capsules we 
counted the number of parasitoids found inside the creamer cups using an Olympus SZH 
stereoscope at lOX magnification. 
Scouting for O. nubilalis egg masses was done two days after the release of T. 
brassicae, in every 6th row from the northern edge of the plot. The middle seven leaves of 
each plant (the ear leaf and the three leaves above and the three leaves below) were examined 
for egg masses (upper and lower surfaces). When an egg mass was found, its location was 
recorded by tying a tag (with the information of egg mass location) above the axil of the leaf 
on which the egg mass was located. The fate of tagged O. nubilalis egg masses, determined 
by examining them with a 20X field magnifying glass, was categorized as hatched, 
parasitized, preyed upon, and parasitized egg masses that were preyed upon. About 4 weeks 
before harvest, 24 com plants per plot were randomly selected and dissected to assess the 
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impact of different levels of egg parasitism on O. mibilalis larval densities and length of stalk 
mnneling was determined. 
Data were analyzed using a one-way analysis of variance (ANOVA) procedures of 
general linear models (PROC GLM) in SAS (SAS Institute 1985). Data in percentages were 
first normalized using arcsine i-yjy) transformation, where y is the percentage expressed as a 
proportion, before analysis. When significant differences were found, the least significant 
difference test was used for pair-wise comparisons among T. brassicae release rates (levels). 
The significance level for all tests was set at a = 0.05. We analyzed the two releases of T. 
brassicae separately because they were temporally separated. 
RESULTS 
The mean number (± 95% Confidence Interval) of T. brassicae adults that emerged 
from the Trichocaps held in the growth chamber was 512 ± 73 and 503 ± 66 during the 1995 
first and second release, respectively; and 629 ± 45 and 609 ± 54 during the 1996 first and 
second release, respectively (Fig. 1). Therefore, the Trichocaps received in 1995 produced 
the expected number of adults (approximately 500), whereas In 1996 the Trichocaps produced 
more than expected number of parasitoids. 
The levels of egg parasitism were significantly affected by the number of Trichocaps 
(i.e., number of parasitoids) released in both releases in 1995 ((First Release: ANOVA, F = 
20.7; df = 4, 29; F = 0.000l)(Second Release: ANOVA, F = 15.3; df = 4, 28; P = 0.0001)) 
and in 1996 ((First Release: ANOVA, F = 28.7; df = 4, 30; P = 0.0001) (Second Release: 
ANOVA, F = 23.1; df = 4, 25; P = 0.0001)). However, the level of parasitism resulting from 
the release of 25 Trichocaps was not significantly different from that resulting from the release 
of 50 Trichocaps during both releases in 1995 (Fig. 2). Similarly, the level of parasitism 
resulting from the release of 100 Trichocaps was not significantly different from that resulting 
from the release of 200 Trichocaps during both releases in 1995 (Fig. 2). Levels of parasitism 
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in plots that received 100 and 200 Trichocaps during the first release of 1996 were not 
significantly different, whereas parasitism levels were not significantly different among plots 
that received 50, 100, and 200 Trichocaps during the second release (Fig. 3). There were few-
parasitized O. nubilalis egg masses in control plots which was probably caused by parasitoid 
dispersal from the areas in which releases were made. 
The percentage of O. nubilalis egg masses that were preyed upon (both parasitized and 
unparasitized egg masses) was not influenced by the number of wasps during the first release 
in 1995 (ANOVA, F = 2.0; df = 4, 29; P = 0.13) (Fig. 4). The mean percentage of O. 
nubilalis egg masses preyed upon ranged from 40.3 to 56.2% (Fig. 4). During the second 
release of 1995, there were significant differences in the percentage of O. nubilalis egg masses 
preyed upon among plots receiving different release rates (ANOVA, F = 4.7; df = 4, 28; P = 
0.005) (Fig 4). However, lack of a trend in these differences suggests that release rates may 
not have been an important factor influencing predation rates. The mean percentage of 0. 
nubilalis egg masses preyed upon ranged from 30 to 55.1% (Fig. 4). 
During both releases in 1996, the percentages of O. nubilalis egg masses that were 
preyed upon were significantly different among plots receiving different release rates of T. 
brassicae (First Release; ANOVA, F = 3.7; df = 4, 30; P = 0.015; Second Release: ANOVA, 
F = 13.0; df = 4, 25; P = 0.0001) (Figs. 5). The trend in predation rates from a high 
percentage of egg masses preyed upon in control plots to a low percentage of egg masses 
preyed upon in plots that received the largest number of parasitoids during both releases 
suggests that T. brassicae release rates may have influenced 0. nubilalis egg predation. 
Nanirally occurring predators that were observed in abundant numbers each year were 
Coleomegilla maculata (Coleoptera: Coccinnellidae), Chrysoperla camea (Neuroptera: 
Chrysopidae), Sympherobius barberi (Neuroptera: Sympherobiidae/Hemerobiidae), and Orius 
insidiosus (Hemiptta: Anthocoridae). 
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The percentages of parasitized 0. nubilalis egg masses that were preyed upon were not 
significandy different among plots that were treated with different release rates of T. brussicae 
both in 1995 and 1996 (Figs. 6 and 7). However, analysis of variance showed that treated 
plots were significandy different from control plots both in 1995 (First Release: ANOVA, F = 
2.9; df = 4, 29; P = 0.037; Second Release: ANOVA, F = 5.1; df = 4, 28; P = 0.003) and 
1996 (First Release: ANOVA, F = 2.7; df = 4, 30; P = 0.041; Second Release: ANOVA, F = 
6.0; df = 4, 25; P = 0.002). When control plots are excluded, the ranges of percentages of 
parasitized O. nubilalis egg masses that were preyed upon were: 25.6 to 54.29^ during the 
1995 first release, 42.2 to 60.1% during the 1996 second release. 27.6 to 41.69c during the 
1996 first release, and 41.7 to 70.8% during the 1996 second release (Figs. 6 and 7). 
The number of O. nubilalis larvae found per com plant was significantly different 
among plots receiving different release rates of T. brassicae both in 1995 (ANOVA. F = 8.7; 
df=4, 115; P = 0.0001) and 1996 (ANOVA, F = 8.2; df = 4, 115: P = 0.0001). In 1995. 
there was a trend for the number of 0. nubilalis larvae per plant to decline with increasing 
number of Trichocaps released (Table 1). Li 1996, the control plot had significantly more 
larvae than the release plots, but the number of larvae was not significantly different among 
the T. brassicae release plots (Table 1). The length of tunnels bored by 0. nubilalis larvae 
was significantly different among treatments both in 1995 (ANOVA, F = 12.1; df = 4, 115; P 
= 0.0001) and 1996 (ANOVA, F = 7.5; df = 4, 115; P = 0.0001). Plants in the control plot 
had the longest tunnels whereas plants in the plot with the largest number of Trichocaps had 
the shortest mnnels (Table 1). In 1996, the plants in the control plot had tunnels that were 
significantly longer than tunnels in the plants from plots that received Trichocaps. However, 
tunnel lengths in plants from the plots that received Trichocaps were not significantly different 
(Table 1). 
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DISCUSSION 
The levels of parasitism of O. nubilalis eggs by T. brassicae that we obtained from all 
four release rates were lower than parasitism levels reported from European studies (around 
15% in France, from 69-88% in Italy, 60-93% in Switzerland, and 62% in Romania) 
(Frandon and Kabiri, 1990; Burgio and Maini, 1995; Bigler, 1986; Bigler and Brunetti, 1986: 
Ciochia, 1990; Smith, 1996). Release rates used in these smdies range from 150.000 to 2.8 
million parasitoids per hectare (see Smith, 1996), whereas the producers of Trichocaps 
recommend releasing a total of400,000 parasitoids per hectare (distributed over a 20-day 
period) to coincide with the second-generation O. niibilalis oviposition period (Frandon and 
Kabiri, 1990). One of the release rates that we used (800,000 parasitoids per hectare) was 
higher than this recommended rate, but the level of O. nubilalis egg parasitism was still lower 
than those reported in Europe. There are many factors that can cause poor performance of 
Trichogramma in the field but it is generally not easy to determine which factor(s) is (are) 
specifically responsible in any given situation (Bigler, 1994). The use of less suitable species 
or sUrain due to maladaptation to the environment in the area of release is one of the most 
important factors that affect the success of the inundative release program (Hassan, 1993, 
1994). T. brassicae does not occur naturally in Iowa (it is indigenous to Europe), therefore its 
poor performance in our study might be associated with maladaptation to Iowa. However, 
preliminary smdies conducted in Iowa in 1992 indicated that augmentative releases of T. 
brassicae reduced O. nubilalis densities and damage to com (Orr et al., 1992; Orr. 1993). 
Also, experiments on augmentation of T. brassicae conducted in southern Alberta, Canada, 
showed levels of parasitism of 70-86% and up to 95% reduction in 0. nubilalis damage to 
sweet com (Yu and Byers, 1994). These results suggest that T. brassicae can be effective in 
suppressing 0. nubilalis outside its indigenous region. 
Inundative releases of beneficial organisms to control pests are often referred to as 
applications of biotic insecticides (Stem et al. 1959; Huffaker et al. 1977; Stinner 1977). This 
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implies that the two procedures are analogous in their mode of action and effects, mainly due 
to the fact that the pest mortality is immediate and there is no prolonged interaction between the 
pest and natural enemy populations (DeBach and Hagen 1964). However, inundative releases 
of beneficial organisms differ from applications of chemicals, in that they involve biological 
entities with complex characteristics that can easily and inadvertently be modified (Parella et 
al., 1992). For example, the process of mass-producing Trichogramma brassicae is largely 
artificial in that unnatural hosts are used, usually at high densities in the absence of most, if 
not all, environmental factors that these parasitoids are going to encounter after release. Thus, 
mass-rearing of T. brassicae has a potential of negatively affecting its biological attributes. 
such as host preference, foraging capacity, and tolerance to inclement weather, that are 
important in successful parasitism and suppression of pest densities. This makes the quality 
of the released parasitoids the main concern in the success of inundative releases (Bigler, 
1994; Smith, 1996). Bigler (1994) recommends a quality control protocol that includes 
sequential evaluation of various attributes from the time the parasitoid colony is established 
through mass-rearing to the time prior to field release. In our experiment, we counted the 
number of adult parasitoids that emerged from each Trichocap rather than the number that 
emerges from parasitized eggs because not all adults that emerge from eggs successfully exit 
from the capsule. The Trichocaps that we examined yielded > 500 adults, which was close to 
the formulation of Trichocaps (i.e., 500 parasitoids per capsule). 
The effectiveness of mortality caused by egg parasitoids in reducing the damaging 
(larval) stage has been questioned, particularly against stalk-boring insects like O. nubiUilis 
(Van Hamburg and Hassell, 1984). Van Hamburg and Hassell (1984) argued that stalk-borer 
species whose larvae undergo density-dependent mortality may not be successfully controlled 
by egg parasitoids because such density-dependent mortality panially or wholly compensates 
for all levels of egg parasitism. However, 0. niibilalis larval mortality has been shown to be 
density-independent (Showers et al., 1978; Prokrymet al., 1992; Phoofolo & Obrycki 1997), 
92 
and successful reduction of larval densities by inundative releases of T. brassicae in Europe 
provides further evidence of density-independent larval mortality. In our study, the different 
levels of egg parasitism as a result of different release rates resulted in different larval 
densities, with fewer larvae being found in plots that received more parasitoids only in 1995 
(Table 1). 
Naturally occurring predators play an important role in contributing to the monality of 
O. nubilalis eggs; we found predation levels of up to 60% in some of the study plots (Figs. 4 
and 5). In the North-Central region of the U.S., extension personnel have traditionally 
calculated economic thresholds for the second-generation O. nubilalis based on the assumption 
that < 20% of the eggs survive to become damaging larvae (Showers et al., 1989; Mason et 
al., 1996). It is quite likely that predation accounts for a large part of the > 80% mortality, 
particularly by the lady beetle, Coleomegilla maculata, which successfully utilizes 0. nubikiHs 
eggs and com pollen for survival and reproduction (Andow, 1990; Phoofolo & Obrycki. 
1997; Pilcher et al., 1997). It is also possible that a large part of egg mortality from parasitism 
by T. brassicae may be a duplication of mortality that occurs in its absence (Jones, 1982). 
Because both egg parasitism and predation take place at the same time, there is a potential for 
these two sources of O. nubilalis mortality to negatively affect each other. For example, we 
found high levels of predation (up to 60% in some plots) of eggs that had been parasitized 
(Figs. 6 and 7). This predation reduces the potential of T. brassicae multiplication in the field 
and further egg parasitism by the progeny, which at times can increase parasitism to 100% 
(Bigler, 1986). On the other hand, egg parasitism may reduce predation if predators do not 
prefer to feed on parasitized eggs, which may result in decreasing predator densities. 
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Table 1. Influence of Trichogramma brassicae inundative release rates on number of 
Ostrinia nubilalis larvae and the extent of tunneling in com plants 
No. Trichocaps No. larvae per plant Tunnel length per plant (cm) 
per plot 1995 1996 1995 1996 
0 4.6 ± 1.6 4.7 ± 1.8 13.2 ±5.6 11.9 ±7.0 
25 3.3 ±2.3 2.9 ± 2.4 8.6 ± 6.0 5.4 ± 6.7 
50 2.7 ± 2.3 2.1 ±2.1 5.2 ± 4.6 4.0 ± 4.9 
100 2.3 ± 1.4 3.2 ± 1.5 4.1 ±3.7 6.2 ± 4.6 
200 1.8 ± 1.3 1.8 ± 1.5 3.6 ±5.1 3.2 ± 7.0 
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Fig. 1. The number of Trichogramma brassicae adults that emerged from Trichocaps held at 
21 °C, 75% relative humidity, and a photoperiod of 16:8 (L:D) h during the fu-st and 
second release in 1995 and 1996. 
Fig. 2 The influence of Trichogramma brassicae inundative release rates on parasitism of 
Ostrinia nubilalis eggs during the first and second release in 1995. 
Fig. 3 The influence of Trichogramma brassicae inundative release rates on parasitism of 
Ostrinia nubilalis eggs during the first and second release in 1996. 
Fig. 4 The influence of Trichogramma brassicae inundative release rates on predation of 
Ostrinia nubilalis eggs by naturally-occurring predators during the first and second 
release in 1995. 
Fig. 5 The influence of Trichogramma brassicae inundative release rates on predation of 
Ostrinia nubilalis eggs by naturally-occurring predators during the first and second 
release in 1996. 
Fig. 6 The influence of Trichogramma brassicae inundative release rates on predation of 
Ostrinia nubilalis eggs that had already been parasitized during the first and second 
release in 1995. 
Fig. 7 The influence of Trichogramma brassicae inundative release rates on predation of 
Ostrinia nubilalis eggs that had already been parasitized during the first and second 
release in 1996. 
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COMPARATIVE PREY SUTTABILrrY OF OSTRINIA NUBILAUS EGGS AND 
ACYRTHOSIPHON PISUM FOR COLEOMEGILLA MACULATA 
A paper accepted for publication in Biological Control 
Mpho W. Phoofolo and John J. Obrycki 
Abstract 
The effects of Ostrinia nubilalis (Hiibner) (Lepidoptera: Pyralidae) eggs and 
Acyrthosiphon pisiim (Harris) (Homoptera: Aphididae), when provided as single prey species 
and in combination, on life history characteristics of Coleomegilla maciilata DeGeer 
(Coleoptera: Coccinellidae) larvae and adults were quantified. Preimaginal development was 
not influenced by the larval prey regime; development at 26±1 °C was completed in 
approximately 13.5 d on 0. nubilalis eggs , A. pisum, or A. pisum alternated daily with O. 
nubilalis eggs. The resulting adults weighed 13.0. 10.7. and 12.5 mg when reared on 0. 
nubilalis eggs, A. pisum, and A. pisum alternated daily with O. nubilalis eggs, respectively. 
Eighteen percent of the individuals died when reared on A. pisum, 28% died when reared on 
O. nubilalis eggs, and 22% died when fed A. pisum alternated daily with 0. nubilalis eggs. 
Seven adult diet combinations, based on diet regimes of larvae and adults, did not cause 
significant differences in preoviposition period, interoviposition period, and the number of 
days on which eggs were laid. Total fecundity was influenced both by larval and adult diet. 
The diet that resulted in highly fecund females was A. pisum alternated daily with O. nubilalis 
eggs for larvae and 0. nubilalis eggs for adults. Female C. maculata fed O. nubilalis eggs had 
the highest intrinsic rate of increase and net reproductive rate. 
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INTRODUCTION 
Coleomegilla maculata is one of the most common insect predators in com 
agroecosystems in the eastern United States. This species is considered a generalist. feeding 
on such food/prey items as pollen, aphids, insect eggs, and other soft-bodied insects (Baker et 
al., 1949; Froeschner, 1950; Banholomai, 1954; Conrad. 1959; Andow and Risch. 1985). 
The associations of C. maculata with several of its prey spjecies have been determined from 
field observations, which are not adequate to determine the suitability of prey species. A 
criterion used for determining prey suitability of a single prey species for coccinellids is the 
completion of preimaginal development and successful egg production (Hodek. 1973; Hagen 
etal., 1976; Hagen, 1986). Studies that examined prey suitability for predacious coccinellids 
indicate that several species are less polyphagous than expected based upon field obsen ations 
(Blackman, 1964; 1967; Hodek, 1973). Such findings are important for several reasons. 
First, they provide basic knowledge about prey species that supply necessary nutritional 
requisites for the predator. Second, they offer an explanation for success or failure of 
predators in biological control programs; e.g., if a target pest species is less suitable than 
coexisting prey species or non-prey food then it is likely that the predator will not control the 
pest (Thompson, 1951). 
Andow (1990) observed that, among several coccinellid species found in corn fields, 
only C maculata larvae completed development on O. nubilalis eggs. In addition to several 
aphid species (Hodek, 1973), other (non-aphid) prey/food types have been reported to be 
suitable for C. maculata. Cora pollen is suitable for preimaginal development (Smith. 1960; 
Pilcher, 1996) whereas Leptinotarsa decemlineata (Coleoptera; Chrysomelidae) eggs and 
mites (Tetranychus telarius and Metatetranychus ulnii) are suitable for both preimaginal 
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development and egg production (Putman, 1957; Hazzard and Ferro, 1991; Munyaneza. 
1996). 
When the polyphagous behavior of C maciilata is considered in conjunction with its 
high incidence of adult dispersive flights ("hectic" trivial flight (Hodek et al.. 1993)) within 
and between habitats that may be harboring different prey species, several combinations of 
larval and adult diets are possible. Adults may fly into different habitats and oviposit in areas 
of prey aggregations or pollen concentrations. If the relative suitabilities of different pre\'/food 
types consumed by larvae differ, then the resulting adults will differ in life-history chai-acters. 
influenced by larval nutrition (e.g., adult size (Leather, 1995)). Furthermore, there is a 
possibility that some nutrients such as trace amounts of essential minerals or vitamins are 
transferred firom larval feeding or supplied by symbionts obtained during larval feeding to 
adults (Engelmann, 1984). Thus, at any given time within a given habitat, e.g., com. there 
may be C. maciilata adults feeding on 0. nubilalis eggs that have developed on corn pollen, 
com leaf aphids, pea aphids in alfalfa, or chrysomelid eggs in trees or potatoes. Fecundit\-
and other fitness traits in such a population of beetles are likely to vary. The landscape of 
many agricultural areas in the U.S. com belt is such that alfalfa and com agroecosystems are 
near each other; A. pisiim is commonly found in alfalfa whereas 0. nubilalis eggs are found in 
com. As part of a project to examine the dynamics of the natural enemies of O. nubilalis. we 
undertook this study to compare the suitability of A. piswn and 0. nubilalis eggs as prey for 
C. maculata and to determine if prey consumed by larvae influences fecundity and other traits 
associated with adult fitness. 
MATERIALS AND METHODS 
The experiment was carried out in a table-top growth chamber (Percival. Boone. lA). 
set at 26 ± 1 °C, a photoperiod of 16:8 (L:D) h, and a relative humidity of 40-60<7f. 
Coleomegilla maculata adults were collected from their overwintering sites in Story County. 
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lA during winter, 1994. We maintained 20 individual mating pairs, in half-pint paper canons 
(0.24 litter) covered with white organdy. A 12-ml glass vial was filled with distilled water, 
plugged with cotton, and stuck through a hole in the carton. Pairs were provided with a 1:1 
mixture of honey and Wheast® (Qualcepts, Minneapolis, MN) and an ad libitum daily suppK" 
of A. pisum. 
When females started ovipositing, eggs were collected and incubated. First-instars (< 
24 h old) were placed individually in glass vials and divided into three diet groups: (1) ,A. 
pisum (nymphs and adults), (2) O. mibilalis eggs, and, (3) A. pisum alternated daily with O. 
nubilalis eggs. Both A. pisum and 0. mibilalis eggs were obtained from laboratory 
populations. The following C. maculata life history traits were determined under each diet 
regime: preimaginal development and survival, sex ratio, and adult size (weight measured 
within 24 h after eclosion). 
To examine the influence of larval nutrition on fecundity we established seven diet 
combinations for larvae and adults (Table 1). For each diet regime, ten pairs were set up on 
the day of adult eclosion. Pairs were placed individually in cages, provided with water and a 
1:1 mixture of Wheast and honey, in addition to the diet assigned them (C maculata will not 
oviposit when feeding only on the Wheast-honey mixture). The pairs fed the A. pisum!0. 
nubilalis eggs combination received these diets on alternating days while the other pairs 
received their diets daily. Each day for 54 days, oviposition was recorded, and all eggs were 
counted, including the remains from cannibalized eggs. 
The following adult fitness traits were determined: preoviposition period (i.e.. the 
period from adult female eclosion to the age at first reproduction ), interoviposition period 
(i.e., the mean number of days past the age of first reproduction on which eggs were not laid), 
the number and percentage of days on which a reproductively mature female laid at least one 
egg, fecundity (both the total number of eggs per female and average number of eggs per 
female per day), and the percentage of females that oviposited each day. The influence of diet 
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on fertility-table parameters was examined using a program that calculates estimates of these 
parameters (Hulling et al., 1990). Parameters calculated for females from each diet treatment 
were intrinsic rates of increase, , which is a measure of per capita instantaneous rate of 
change of population size expressed as female progeny per female per day. the finite rate of 
increase, 1, which measures the proportional change in population size from one day to the 
next expressed in the same units as the the net reproductive increase. /?„. which estimates 
the average number of female offspring from a birth cohort of females during their lifetime if 
they experienced a fixed pattern of age-specific birth and death rates, and the mean generation 
time, r, which estimates the average age of females laying eggs in a population that is in a 
stable age distribution. 
The SAS general linear model procedure was used for an analysis of variance 
(ANOVA) (a = 0.05); where treatment means were different, separation was determined bs 
Student-Newmen-Keuls (SNK) multi-range test (SAS Institute, 1985). Analysis of variance 
on adult weight was performed separately for males and females. A t-test was used to 
compare preimaginal developmental rates and adult weight between males and females from 
each diet U:eatment (SAS Instimte, 1985). Voucher specimens of C. mcicukita are in the lovva 
State University Insect Collection, Depanment of Entomology, Iowa State University. Ames. 
RESULTS 
The difference between the mean incubation periods of eggs from females that fed on 
either A. pisum or O. nubilalis eggs and females that fed on A. pisian alternated with 0. 
nubilalis eggs was 0.2 d, whereas the incubation period difference between eggs of females 
on A. pisum and A. pisum/0. nubilalis eggs was 0.4 d. These differences in incubation 
period were statistically significant (ANOVA, F = 37.09; df = 2,413; P = 0.0001) (Table 2). 
but because we checked egg hatching daily, we cannot attribute any biological significance to 
differences in hatching period of less than one day. The type of prey that larvae fed on did not 
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result in significantly different total developmental times from the first instar (egg hatch) to 
adult eclosion (ANOVA, F = 0.21; df = 2,203; P = 0.82) (Table 2). Different prey regimes 
resulted in larval stadia and pupal developmental times that were significantly different (Table 
2). Because observations on larval stadia and pupal duration were made daily and the 
differences among regimes were relatively small (<0.5 d) and not consistent, we cannot 
attribute any biological meaning to these differences (Table 2). 
Comparing females to males across all diet treatments, we found no significant 
differences in their preimaginal developmental period (t-test, t = 1.64; df = 205; P = O.IO). 
The sex ratio was not significantly influenced by the diet regimes (ANOVA. F = 2.46; df = 2. 
205; P = 0.12) (Table 2); however, the imaginal size (as measured by weight) was influenced 
by the prey regimes (female ANOVA, F = 27.33; df = 2, 104; P = 0.0001; male ANOVA. F = 
20.34; df = 2,97; P = 0.0001). C. maculata larvae fed pea aphids developed into the 
smallest females (11.9 mg) and males (9.9 mg), whereas individuals fed O. mibikilis eggs 
developed into the largest adults (females, 14.0 mg; males, 12.0 mg) (Table 2). The mean 
weight (±SE) of females (12.9 ± 0.02 mg) was higher than that of males (11.2 ± 0.02 mg) (i-
test, t = 6.97; df = 205; P = 0.00001). Stage specific survival rates were not different among 
the larval prey regimes (Table 3). Survivorship from 1st instar to adult eclosion was similar 
among the larval prey regimes (ANOVA, F = 0.40; df = 2. 15; P = 0.75) (Table 3). 
The diet combination that produced females which tended to have longer 
preoviposition periods (12.9 d.) was A. pisum as prey for both larvae and adults; whereas diet 
combination of A. pisum altemated with O. nubilalis eggs as larval prey and A. pisum as 
adult prey resulted in females that tended to have shorter preoviposition on periods (5.7 d) 
(Table 4). Because of the large variations there were no significant differences in the 
preoviposition periods among the seven diet combinations (ANOVA, F = 1.47; df = 6. 55; P 
= 0.22). Interoviposition periods were also not significantly different among the diet 
combinations (ANOVA, F = 1.38; df = 6, 665; P = 0.25)(Table 4). The diet combinations 
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did not have a significant effect on mean number of days on which a reproductively mature 
female laid eggs during the 54-d experimental period (Table 4). Expressing the number of 
days on which eggs were laid as the percentage of the experimental period showed that 
females did not oviposit on more than 28% of the days on any diet (Table 4). 
The total number of eggs (total fecundity) per female was influenced by both larv al and 
adult diets (ANOVA, F = 3.46; df = 2, 67; P = 0.04, and F = 3.71; df = 2. 67: P = 0.03. 
respectively) (Table 4). There was no interactive effects on fecundity between what 
individuals preyed on as larvae and as adults (ANOVA, F = 0.64; df = 2. 67; P = 0.53). The 
combination of larval-adult diets that resulted in highly fecund females was A. pisitm 
alternated with O. nubilalis eggs as a larval diet and O. nubilalis eggs as adult diet (Table 4). 
Within each larval diet regime, O. nubilalis eggs appeared more suitable for egg production 
than A. pisum. The fecundity of females that fed on the diet of A. pisum alternated with O. 
nubilalis eggs was intermediate between fecundities of females on A. pisum and 0. nubilalis 
eggs. 
Daily rates of oviposition per female fluctuated during the 54-day observ ation period 
for the seven diet combinations . Fluctuations around an average of 10 eggs per day per 
female were observed for the three female groups on A. pisum as adults. Fluctuations around 
an average of 20 eggs per day per female were observed for the three female groups on the O. 
nubilalis eggs as adults. The daily rates of oviposition for females that preyed on A. pisum 
alternated with O. nubilalis eggs fluctuated around an average of 15 eggs per day per female. 
Also, the proportion of ovipositing females fluctuated for all the diet combinations. 
Occasionally (i.e., on less than 10% of days) did more than 50% of females oviposit; all 
females were not observed to lay eggs on one day. The fluctuations in both the daily rates of 
oviposition and proportion of ovipositing females are attributable to variations in 
preoviposition and interoviposition periods. The inurinsic rates of increase, the net 
reproductive rates, and the finite rate of increase followed the trend of total fecundity, with 
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females on O. nubilalis eggs demonstrating higher intrinsic rates of increase and net 
reproductive rates (Table 5). However, the Newman-Keuls sequential test showed no 
significant differences in the intrinsic rate of increase (Q = 2.9, df = 18. P > 0.05) or in the net 
reproductive rate (Q = 2.9, df = 18, P > 0.05) among diets. 
DISCUSSION 
There are several factors that determine prey suitability for insect predators; which can 
be divided into nutritional and nonnutritional factors. For a prey species to be suitable, it 
provides all nutritionally important factors, such as proteins, carbohydrates, lipids. vitaminN. 
and minerals in balanced proportions and concentrations to meet a predator's metabolic 
requirements (House, 1966, 1977). For example, Atwal and Sethi (1963) found that among 
several species of aphid prey of Coccinella septempimctata L., Lipcithis erysimi Kult. was 
most suitable for development because it had a higher protein content. Nonnutritional factoi-s 
such as sequestered secondary plant metabolites, odor, texture, and mobility of prey also pla\ 
a large role in prey suitability. For example, first instar coccinellids are likely to have 
difficulties feeding either on active and large (elusive) prey, such as older aphids (Dixon. 
1958, 1970; Stewart et al., 1991a, Stewart et al., 1991b) and Hypera postica (Gyllenhal) 
larvae (Giles, 1992) or on prey items with impenetrable integument such as Leptinotarsu 
decemlineata eggs (Munyaneza, 1996). Our results showed that all C maculam instars 
utilized O. nubilalis eggs as efficiently as they utilized aphids, indicating that 0. nuhilalis eggs 
(1) provide all necessary nutrients in correct concentrations and proportions and (2) have a 
chorion texmre that does not present a barrier against larval feeding. 
The most direct way in which larval nutrition can influence fecundity is through its 
effects on adult female size. In several coccinellid species there is a direct relationship 
between the size of females and number of ovarioles (Stewart et al., 1991b). But our results 
do not support this generalization, i.e., smaller females reared on A. pisuni were more fecund 
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than larger females reared on 0. nubilalis eggs. This finding is not suprising. because, as 
Leather (1988) noted, female size may be a good indicator of potential fecundity, but it is not 
always correlated with realized fecundity. There are many factors that confound the 
size/fecundity relationship; e.g., mating frequency has been shown to affect fecundity in man\ 
insect species (Ridley, 1988; Markow, 1996; Leather, 1995). Funhermore. Phoofolo et al.. 
(1995) demonstrated that in Coccinella septempunctata L. females ovarioles in each ovary do 
not develop eggs simultaneously, although the cause of this discordance in egg production 
was not clear. 
As shown by our study, C. maculata development and survival on 0. mibiUilis eggs 
were similar to those observed on A. pisum. which is characterized as a suitable prey for most 
aphidophagous coccinellids (Hodek, 1973). Our findings also showed that larval 
development on O. nubilalis eggs results in larger adults and that this prey is suitable as a 
source of nutrients necessary for egg development and oviposition. These findings provide 
additional evidence that O. nubilalis eggs are suitable prey for C. maculata {Andow. 1990). 
Determining prey suitability in the laboratory, however, is subject to criticism, because some 
highly suitable prey species may not be encountered by the predator in nature (Majerus. 
1994). Therefore, as Majerus (1994) suggests, only species that have been observed to be 
prey in the predator habitat should be tested for their suitability. We further propose that for 
polyphagous species such as C. maculata, prey suitability studies be done with all food 
materials (prey and nonprey) that are known to or potentially constitute their diet combined 
together in ways that attempt to mimic their utilization in nature. This may be more useful for 
determination of prey suitability for adult reproduction, because adult females are highly 
mobile and therefore less likely to depend on one type of food over an extended period. 
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Table 1. Combinations of larval and adult diets used to test the influence of 
larval nutrition on fecundity of Coleomegilla maculata 
Diet Larval diet Adult diet 
Combination 
1 A. pisum A. pisuni 
2 A. pisum O. mibilalis eggs 
3 O. nubilalis eggs A. pisum 
4 0. mibilalis eggs 0. mibilalis eggs 
5 A. pisum / 0. mibilalis eggs A. pisum 
6 A. pisum / 0. mibilalis eggs O. mibilalis eggs 
7 A. pisum / 0. nubilalis eggs A. pisum / O. mibilalis eggs 
Table 2. Developmental lime, sex ratio, and adult weight of Coleomegilla maculata on different larval prey 
regimes, at 26°C, L:D (16:8) h. 
Number of days 
Egg Larval stadia (days) % Adult weight, mg 
Diet incubation Pupa Istinstar Females 
period (days)" I 11 111 IV to adult Female Male 
A. pi sum 
Mean 2.5 2.8 1.6 1.9 3.5 3.6 13.5 52.2 11.3 9.9 
SD 0.5 0.5 0.7 0.4 0.5 0.5 1.0 3.2 1.7 1.3 
n'' 207 62 62 62 62 62 62 62 36 26 
O. nubildlis eggs 
Mean 2.3 2.5 1.9 2.2 3.2 3.5 13.4 43.1 14.0 12.0 
SD 0.5 0.6 0.5 0.4 0.5 0.5 1.1 10.4 1.2 1.1 
n" 134 46 46 46 46 46 46 46 23 23 
A. pismn / O. mibilolis eggs' 
Mean 2.7 2.9 2.0 2.1 3.2 3.3 13.4 48.4 13.5 11.6 
SD 0.5 0.8 0.7 0.7 0.7 0.5 1.0 3.6 1.6 1.3 
n*- 109 99 99 99 99 99 99 99 48 51 
P 0.0001 0.01 0.001 0.02 0.02 0.0005 0.82 0.12 0.0001 0.0001 
" Eggs were obtained from three groups of females that fed on the diets in column I. 
'' Number of individuals analyzed (n) for larvae, pupae, and adults are those that survived to adult stage 
' Acyrthosiphon pision was alternated daily with Ostrinia mihikxlis eggs. 
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Table 3. Stage-specific survival rates for larvae and pupae of Coleomegilla 
maculata reared on different larval prey regimes at 26 °C, 16:8 (L:D) h 
Larval prey Larval stadia Pupa 1st instar 
to adult 
I U m IV 
A. pisum 0.94 0.95 0.94 1.0 0.98 0.82 
0. nubilalis eggs 0.93 0.98 0.97 l.O 0.811 0.72 
A. pisum / 0. nubilalis eggs 0.92 0.98 0.99 1.0 0.875 0.78 
Table 4. Fecundity and other reproductive characteristics of ColeomegUla maculata females on seven 
diets at 26 °C, 16:8 (L:U) h 
MeaniSEM days Mean + SEM 
Diet 
Combination" 
Preoviposition 
period 
Interovipo.sition 
period 
No. days females 
laid eggs 
% No. days females 
laid eggs Fecundity 
1 12.9 ± 3.1 3.4 ± 3.0 10.8 ± 2.4 20.2 ± 4.4 124.4 ± 34.3 
2 6.1 ±0.9 2.6 ± 2.5 13.3 ± 3.1 25.4 ± 5.8 273.8 ±74.2 
3 9.6 ± 2.9 3.7 ± 5.0 8.3 ± 2.5 15.8 ±4.7 91.7 ±27.9 
4 7.3 ± 1.6 4.9 ± 6.5 8.0 ± 2.8 15.0 ±5.3 122.1 ±61.3 
5 5.7 ± 1.1 3.8 ±5.1 12.6 ± 3.0 25.9 ± 5.2 189.8 ±53.9 
6 6.4 ± 1.1 3.6 ± 5.4 15.0 ± 3.1 27.8 ± 5.7 325.4 ± 82.3 
7 9.3 ± 3.0 3.9 ±6.1 9.1 ± 2.4 17.2 ±4.5 153.5 ±43.6 
"See Table I for diets tested. 
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Table 5. Life table parameters for Coleomegilla maculata under di^erent larval 
and adult diet combinations at 26 °C, 16:8 (L:D) h 
Diet Intrinsic rate Net Generation Finite No. 
Combination" of increase reproductive time (d) rate of females 
±SE rate ± SE increase 
1 0.10 ±0.01 54.00 ± 14.88 41.10 1.10 10 
2 0.14 ±0.01 118.85 ±32.19 34.45 1.15 10 
3 0.10 ±0.01 28.46 ± 8.65 35.18 1.10 10 
4 0.10 ±0.02 37.89 ± 19.02 36.38 1.11 9 
5 0.12 ±0.01 71.64 ±20.34 34.67 1.13 9 
6 0.14 ±0.01 122.85 ±31.06 34.54 1.15 10 
7 0.13 ±0.01 57.95 ± 16.45 32.53 1.13 10 
" See Table I for diets tested. 
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INTRAGUILD PREDATION AND COMPETITION AMONG PREDATORS OF OSTRINIA 
NUBILAUS (LEPIDOPTERA: PYRALIDAE) AND ACYRTHOSIPHON PISUM 
(HOMOPTERA: APHIDIDAE) 
A paper submitted to Annals of the Entomological Society of America 
Mpho W. Phoofolo and John J. Obrycki 
ABSTRACT 
Coleomegilla maculata (DeGeer), Hippodamia convergens Guerin-Meneville. and 
Harmonia axyridis Pallas completed preimaginal development on Chrysoperla caniea Stephens 
ox Acyrthosiphon pisum (Harris) in similar times. Preimaginal survival on C camea eggs was 
similar to survival on A. pisum for all stages of C maculata, H. axyridis. and H. convergens. 
C. camea eggs are suitable prey for preimaginal development for these coccinellid species. 
Coccinellid adults that developed on C. camea eggs were smaller than adults that developed on 
A. pisum. Coccinella septempunctata L. did not complete preimaginal development on C. 
camea eggs. C. camea preimaginal developmental time was approximately 20 days when fed 
either C. maculata eggs or A. pisum. Ostrinia mibilalis (Hiibner) eggs were more suitable 
prey, resulting in faster C. camea developmental rate. However, C. camea individuals fed C 
maculata eggs had the highest preimaginal survival, fiirther indicating their suitability. C. 
camea fed C. maculata eggs developed into smaller adults compared to adults reared as larvae 
on A. pisum, O. mibilalis eggs, or A. pisum alternated daily with O. mibilalis eggs. C. cornea 
did not complete preimaginal development on H. cuxyridis eggs. Cannibalism occurred more 
frequently between C. camea third instars than between C maculata fourth instars. When a 
C. camea third instar was paired with a C. maculata fourth instar, more C. maculata were 
preyed upon by C. camea, regardless of the herbivorous prey density. There is potential for 
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these two predator species to negatively affect each other and reduce their ability to suppress 
pest densities. 
KEY WORDS Coccinellidae, Chrysoperla camea, Ostrinia nubilalis. Acyrtliosiplton pisiim. 
intraguild predation, competition, prey suitability, biological control 
INTRODUCTION 
Predation (and parasitism), competition, and mutualism are the three most imponani 
species interactions that strucmre biotic populations and communities (Pianka 1994). It is 
therefore not surprising that predation and parasitism are the comerstones of biological control 
(DeBach 1964). There is however, no consensus on the role of competition in biological 
conurol of arthropod pests. Some researchers contend that species interaction through (within-
guild) interspecific competition results in reduced pest density suppression (Ehler 1985: Force 
1974; Watt 1965); whereas other researchers have demonstrated species interactions that led to 
better pest density suppression, as a result of complementary actions (Huffaker & Kennett 
1966; Huffaker 1986). The importance of mutualism in biological control is observed 
primarily in predation and/or parasitism of homopterans, in which both are reduced when 
homopterans are tended by ants (Holldobler & Wilson 1990). 
The founh species interaction that is important in structuring communities is the 
combination of predation and competition called intraguild predation (Polis et al. 1989; Polis 
& Holt 1992). Polis et al. (1989) defined intraguild predation as "the killing and eating of 
species that use similar, often limiting, resources and are thus potential competitors." Many 
predator species are polyphagous, which means that their prey may consist of both herbivores 
and other predators. Such predator-predator interaction is thought to contribute to reductions 
in biological control (Rosenheim et al., 1993, 1995). 
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Insect predators commonly found in com and alfalfa agroecosystems in the 
raidwestem United Stales include several species of Coccinellidae and Chrysopidae. 
Chrysoperla camea Stephens is one of the most prevalent chrysopid species, whereas 
Coleomegilla maculata (DeGeer) is the most prevalent coccinellid species. Both C. camea 
and C maculata feed on a range of prey species including Osrrinia nubilalis eggs and 
Acyrthosiphon pisum (Hodek 1973; Canard et al. 1984; Obrycki et al. 1989; Phoofolo & 
Obrycki 1997). Because of spatial and temporal co-occurrence and poiyphagous habits of 
these predators there is a potential for inu-aguild predation. The relative polyphagy of C 
camea and C. maculata may also underlie the extent of intraguild predation. We investigated 
this potential by determining the suitability of interspecific eggs as prey for the larval stages of 
each predatory species. We also determined the suitability of C. camea eggs as prey for lar\ ae 
of three additional lady beetle species {Hippodamia converge/is Guerin-Meneville. Cocciiiella 
septempunctata L., and Hamionia cLxyridis Pallas), all of which co-occur seasonally with C. 
camea, and the suitability of H. cixyridis eggs as prey for C. camea larvae. For the last pan of 
this study, we examined cannibalism and intraguild predation between C. camea third instai's 
and C. maculata fourth instars. 
MATERIALS AND METHODS 
Insects. All experiments were carried out in table-top growth chambers (Percival. 
Boone, lA), set at 26 ± 1 °C, a photoperiod of 16:8 (L:D) h, and a relative humidity of 40-
60%. Coccinellid and C. camea adults were collected from com fields in Story County. lA. 
during summer, 1996. We maintained individual pairs of coccinellids and C. camea in half-
pint paper cartons (0.24 liter) covered with a piece of white organdy. Water was provided 
from a 12-ml glass vial filled with distilled water, plugged with cotton, and stuck through a 
hole in the carton. Pairs were provided with a 1:1 mixture of honey and Wheast® (Qualcepts. 
Minneapolis, MN) and an ad libitum daily supply of Acyrthosiphon pisum (A. pisum is prey 
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for adult beetles, but it only supplies honeydew for adult C. camea). These pairs provided 
one source of eggs used in the experiment. Extra C. camea eggs were obtained from 
coimnercial insectaries (Gardens Alive, Indianapolis, IN, and Rincon-Vitova Insectaries. Inc.. 
Ventura, CA). Both A. pisum and O. nubilalis eggs were supplied from laboratory colonies. 
Preimaginal Development and Survival of Coccinellids on C. caniea 
Eggs. Eggs were collected from C. maciilata, H. convergens, H. axyrUlis. and C. 
septempunctata and placed in glass vials; upon hatching, first-instars (<24 h old) were placed 
individually in glass vials. The larvae were provided with an ad libitim daily supply of C. 
camea eggs (<3 d old) from Rincon-Vitova Insectaries, Inc.. Ventura. CA. To avoid 
predation between coccinellid and C. camea larvae. C. camea eggs not eaten after 24 h w ere 
removed from the vials (before they hatched). Each day the larvae were examined to 
determine survival and larval and pupal stadia. Wet weight and sex were determined within 
24 h of adult eclosion. Developmental time and survival of C. maciilata. C. septempunctata. 
and H. convergens fed C. camea eggs were compared to A. pisum prey data from Phoofolo & 
Obrycki (1997), Phoofolo & Obrycki (1995), and Bogran (1996). respectively. To compare 
developmental time and survival of H. axyrUlis reared on C. camea eggs versus -4. pisum. we 
reared 40 first instars on an ad libitum daily supply of A. pisum. 
For C. maciilata and H. a.xyridis, differences in larval stadia, duration of pupal stage, 
total developmental time, and adult weight between larvae fed A. pi.mm and C. carnea eggs 
were analyzed using the Student t -test, whereas analysis of variance and Student-Newman-
Keuls multi-range test were used for differences among H. convergens fed one A. pisum per 
day, ad libitum A. pisum, and ad libitum C. camea eggs (SAS Institute 1985). Percentage 
survival data were arc-sine transformed before statistical analysis. 
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Preimaginal Development and Survival of C. carnea on Coccinellid 
Eggs. E ggs were collected from C. camea and placed in glass vials; upon hatching, first-
instars (<24 h old) were placed individually in glass vials. The larvae were divided into fi\ e 
diet groups: (1) A. pisum (nymphs and adults), (2) O. nubilalis eggs (<2 d old). (3) A. pisiim 
alternated daily with O. nubilalis eggs, (4) C. maculata eggs (<3 d old), and {5) H. layriJis 
eggs (<3 d old). Prey were supplied daily to larvae ad libittim : uneaten prey items were 
removed from the vials after 24 h. Larvae were examined each day to determine the sur\'i\ al 
and larval and pupal stadia. Wet weight and sex were determined within 24 h of adult 
eclosion. Differences among diet groups were tested by ANOVA and Student-Newman-
Keuls multi-range test (SAS Instimte 1985). Percentage survival data were arc-sine 
transformed before statistical analysis. 
Intra- and Inter-speciHc Interactions Between Third-instar C. carnea 
and Fourth-instar C. maculata. Chrysoperla camea and C. mciilata first instars were 
reared individually in glass vials and fed A. pisum ad libitum. Within 48 h after C. cuniea 
and C maculata larvae became 3rd instars and 4th instars, respectively, they were set up as 
conspecific pairs in 3-by-lO cm glass vials. For each species, the pairs were divided Into six 
groups (each group = 10 pairs): (1) no prey supplied, (2) four adult A. pisum per day. (3) 
10-20 adult A. pisum per day, (4) one 0. nubilalis egg mass (<24 h old) per day. (5) three O. 
nubilalis egg masses per day, and (6) five 0. nubilalis egg masses per day. The lar\'ae were 
examined each day, and if mortality occurred, it was qualitatively ascribed to either 
cannibalism (if feeding was observed or the remains were small or nonexistent) or starvation 
(if the remains were intact, i.e., no evidence of predation). We stopped recording data on 
pairs without mortality when one or both C. camea larvae spun a cocoon and one or both C. 
maculata larvae pupated. Interspecific interactions between third-instar C. caniea and founh-
instar C. maculata were examined in the same way except one C. camea larva was paired with 
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one C. maculata larva in each vial and mortality was ascribed to iniraguild predation or 
starvation. 
Voucher specimens of each predatory species are in the Iowa State University Insect 
Collection, Department of Entomology, Iowa State University. Ames. 
RESULTS 
Preimaginal Development of Coccinellids on C. carnea Eggs. Mean stadia 
of C. maculata first, second, and third instars, as well as the pupal stadia between prey types 
were significantly different on C. camea eggs compared with A. pisiim. However, these 
differences were less than one day (Table 1). Because observations were on a daily basis, we 
cannot attribute any biological meaning to these differences. Furthermore, total developmental 
period from hatching to adult eclosion was not significantly different for C. maculata feeding 
on these two prey (Table 1). Developmental period of females was not significantly longer 
than that of males (for larvae on A. pisum: t-test, t = 1.15; df = 60; P = 0.25 and for larvae on 
C. camea eggs: t = 0.0001; df = 26; P = 1.0). C. maculata larvae fed C. camea eggs 
developed into smaller adults (females, 9.4 mg: males, 7.9 mg), whereas larvae fed A. pisum 
developed into larger adults (females, 11.3 mg; males, 9.9 mg) (Table I). The mean weight 
of females was significantly more than that of males in both prey treatments (t-test. A. pisum: t 
= 3.6; df = 60; P = 0.0006 and C. camea eggs: t = 2.6; df = 26; P = 0.02). 
The stadia of H. convergens first, second, and third instars fed either one A. pisum 
per day, ad libitum A. pisum, or ad libitum C. camea eggs were not significantly different 
(Table 2). But, the stadia of H. convergens fourth instars, pupal stadia, and total 
developmental time were significantly shorter on C. camea eggs (Table 2). Adult weight wa.^ 
also significantly different; individuals reared on C. camea eggs were heavier that those reared 
on either one A. pisum per day or ad libitum A. pisum (Table 2). 
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The stadia of H. axyridis second and third instars, duration of pupal stage, and the 
total developmental time were significantly different between A. pisuiu and C. caniea eggs, 
but differences were less than a day, indicating that they were not biologically significant 
(Table 3). H. axyridis larvae fed A. pisum developed into larger adults than lar\ ae fed C. 
camea eggs (Table 3). 
Preimaginal Survival of Coccinellids on C. carnea Eggs. Preimaginal 
survival of C. maculata fed A. pisum was not significandy different from survival of 
individuals fed C. camea eggs (first-instar t-test. t = 0.25: df = 9; P = 0.81: second-instar t-
test, t = 0.71; df = 9; P = 0.50; third-instar t-test, t = 1.9; df = 9; P = 0.10; founh-instar t-te.st. 
t = 1.4; df = 9; P = 0.20; pupa t-test, t = l.l; df = 9; P = 0.29) (Table 4). Differences in H. 
convergens preimaginal survival were significant between A. pisum and C. camea eggs 
during the pupal stage (t-test, t = 3.7; df = 9; P = 0.005) (Table 4). Similarly, for H. 
axyridis, significant differences in pupal survival were observed (t-test. t = 3.2; df = 7.0; P = 
0.02) (Table 4). C. camea eggs were not suitable for C. septempunctaia preimaginal survival; 
very few individuals survived the third stadium, whereas no fourth instars survived (Table 41. 
Preimaginal Development and Survival of Chrysoperla carnea. C. carnea 
larvae feeding on C. maculata eggs spent 4 d as first instars. whereas larvae feeding on either 
A. pisum, O. nubilalis eggs, or A. pisum alternated with O. nubilalis eggs, spent 
approximately 3 d (Table 5). Feeding on C. maculata eggs resulted in significantly longer 
stadia (3.8 d) of second instars, whereas feeding on either A. pisum (5.3 d) or C. maculata 
eggs (4.6 d) resulted in longer stadia of third instars (Table 5). Individuals reared on A. pisum 
spent the longest dme (8.9 d) as pupae (Table 5). 
Developmental time of females was not significantly longer than that of males (for 
larvae on A. pisum: t-test, t = 0.40; df = 27; P = 0.70; for larvae on O. mibilalis eggs: t = 
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1.42; df = 33; P = 0.16; for larvae on A. pisum alternated daily with O. niibilaUs eggs: t = 
1.54; df = 19; P = 0.06; and for larvae on C. maculata eggs: t = 1.26; df = 11: P = 0.23). 
Therefore, total developmental times for both sexes were combined into a single analysis of 
variance. Total developmental time from hatching to adult eclosion was influenced by lar\ al 
diet; individuals feeding either on A. pisum or C. maculata eggs required approximately 20 d 
from hatching to adult eclosion, whereas individuals feeding either on O. nubilalis eggs or ,4. 
pisum alternated with O. nubilalis eggs required approximately 16.5 d (Table 5). No C. 
camea larvae fed H. axyridis eggs survived to the adult stage. 
Adult weight of females was significantly greater than that of males (A. pisum pie\: t-
test, t = 3.68; df = 27; P = 0.001; 0. nubilalis eggs prey: t = 4.67; df = 33: P <0.0001: A. 
pisum alternated daily with O. nubilalis eggs prey: t = 3.64; df = 19: P = 0.002: and C 
maculata eggs prey: t = 2.62; df = 11; P = 0.02). Therefore, a separate ANOVA was 
performed on females and males. Both female and male weights were influenced by the lar\ al 
prey (Table 5). Chrysoperla camea larvae fed C maculata eggs developed into the smallest 
adults (females, 5.7 mg; males, 4.7 mg), whereas larvae fed on either O. nubilalis eggs alone 
(females, 10.5 mg; males, 8.4 mg) or A. pisum alternated daily with O. nubilalis eggs 
(females, 10.1 mg; males, 8.4 mg) developed into the largest adults (Table 5). 
Survival rates among larvae fed on different diets were significantly different (Table 
6). The percentage of C. camea first instars that survived when fed H. axyridis eggs (34.4%) 
was significantly lower than the percentage of first instars that survived when fed either A. 
pisum (92.5%), O. nubilalis eggs (85.0%), A. pisum alternated with O. nubilalis eggs 
(72.5%) or C. maculata eggs (95.0%) (Table 6). Survival of C. camea second and third 
instars fed H. axyridis eggs was also the lowest, whereas the percentage of these instars that 
survived on C. maculata eggs was not significantly different from those fed either A. pisum or 
O. nubilalis eggs (Table 6). None of the C. camea larvae reared on H. axyridis eggs 
successfully developed to the adult stage; however, 65% of C. camea larvae reared on C 
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maculata eggs successfully developed to the adult stage, which was similar to survival 
observed with larvae reared on A. pisum alternated with 0. nubilalis eggs (52.5%) (Table 6). 
Intraspeciflc Interactions Between C. cornea Third Instars and C. 
maculata Fourth Instars. When C. maculata fourth instars were paired without pre\. 
cannibalism occurred in six of 10 pairs during the second day. By the third day. cannibalism 
had occurred in the remaining four pairs (Fig. 1). When supplied with four adult A. pisum 
per day, cannibalism occurred in one of 10 pairs during the first day: the cause of monality in 
the other three pairs was starvation (bodies were not consumed but they were smaller than 
their (living) partners (Fig. 1). Monality occurred in only one of 10 pairs of C nuiculara 
fourth instars when fed 10 to 20 A. pisum per day per pair, and that individual died on the da\' 
that its partner pupated; the cause of its mortality was unknown because the body was neither 
consumed nor relatively smaller (Fig. I). In the presence of one 0. nubilalis egg mass, no 
cannibalism was observed one day after pairing, but cannibalism occurred in four pairs on da\ 
2, in two pairs on day 3. in one pair on both days 5 and 6 (Fig. 1). When the pairs were fed 
three 0. nubilalis egg masses per day only one larva died (due to cannibalism). Similarly for 
pairs fed five O. nubilalis egg masses per day, only one larva died (cause unknown) (Fig. I). 
When C. camea third instars were paired in the absence of prey, cannibalism occurred 
in seven of 10 pairs during the first day and in the remaining pairs by the second day (Fig. 1). 
When fed four A. pisum per day, cannibalism occurred in four of 10 pairs during the first 
day, followed by five more pairs the next day. and by the third day cannibalism had occurred 
in all the pairs (Fig. I). In the presence of 10 - 20 A. pisum per pair, cannibalism occurred in 
half of the pairs by the first day, followed by one pair the second day. and three more pairs by 
day 3; only one pair developed to the cocoon-spinning stage without cannibalism (Fig. I). In 
the presence of one O. nubilalis egg mass per day, cannibalism occurred in all pairs; 
cannibalism was observed in seven pairs during day 1 (Fig. I). When fed three egg masses. 
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cannibalism occurred in seven of 10 pairs, whereas among pairs fed five egg masses per da\. 
cannibalism occurred in two pairs (Fig. 1). 
Interspecific Interactions Between Paired C. carnea Third-instar and C. 
maculata Fourth-instar. In the absence of prey. C. camea third instars killed and preyed 
on C. maculata fourth instars during the first day after pairing (Table 7). When fed four or 
10-20 A. pisum per day, predation of C. maculata larvae by C. camea larvae occurred in nine 
of 10 pairs, whereas predation of C. camea by C. maculata occurred once (Table 7). C 
camea killed C. maculata in eight of 10 pairs when fed one O. mibilalis egg mass per day. 
whereas C. maculata killed C camea in one pair (Table 7). All C. maculata died when pairs 
were fed three O. nubilalis egg masses, whereas eight C maculata died when pairs were fed 
five O. nubilalis egg masses; no C. camea were killed by C. maculata (Table 7). 
DISCUSSION 
Predacious coccinellids and chrysopids are considered generalises because they feed on 
taxonomically diverse prey (Hodek 1973; Canard et al. 1984; Hagen 1986). Prey suitability 
studies indicate that several species are less polyphagous than expected, based on field 
observations (Hodek 1973, Principi & Canard 1984). However, defining prey range on the 
basis of prey suitability, a determination usually made in the laboratory, has problems because 
selected suitable prey species may not be encountered by the predator in nature (Majerus 
1994). Therefore, co-occurrence, both spatial and temporal, between the predator and prey 
has to be established before a prey species can be examined for suitability (Principi & Canard 
1984). 
Several coccinellid and chrysopid species have common prey, such as aphids and 
lepidopteran eggs, resulting in their co-occurrence in the same macro- and micro-habitats 
(Coderre et al. 1987). Because of their polyphagous behavior, these predators not only feed 
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on prey but also feed on each other (i.e., inuraguiid predation) to varying degrees, depending 
on predator and prey densities. The most immediate result of intraguild predation is the death 
of an intraguild prey, but for an intraguild predator to successfully utilize the intraguild prey, it 
has to survive and reproduce in levels comparable to those obtained when a herbivorous pre\' 
is utilized. 
C. maciilata, H. convergens, and H. axyriclis completed preimaginal de\elopment 
when feeding on C. camea eggs in the same amount of time as when feeding on A. pistim. 
Preimaginal survival of C. maculata and H. axyridis on C. camea eggs was not different from 
survival on A. pisum for all stages, whereas pupal survival of H. convergens was lower on 
C. camea eggs (42.5%) compared with A. pisum (70.8%). C. camea eggs are suitable prey 
for development for these coccinellid species. Body size of coccinellid adults that developed 
on C. camea eggs was smaller than that of adults that developed on A. pisum. Feeding 
exclusively on C. camea eggs has some potentially negauve effects, paniculurly on 
reproduction, as fecundity has been shown to be related to female body size through the 
body-size/ovary size relationship (Stewan et al. 1991). C. septempunctata did not complete 
preimaginal development on C. camea eggs; this prey is unsuitable for this species. 
C. camea completed preimaginal development when fed C. maculata eggs, and 
developmental time was not different from C. camea larvae fed A. pisum. O. nuhilalis eggs 
however, proved to be better prey for C. camea, but C. camea fed C maculaui eggs also had 
high survival, which gives further indication of their suitability. Feeding exclusively on C. 
maculata eggs by C. camea larvae resulted in smaller adults, which might affect fecundity 
(Stewart et al. 1991). Furthermore, smaller female chrysopids have longer preoviposition 
periods because of delayed ovarian development (Rousset 1984). C camea did not complete 
preimaginal development on H. axyridis eggs. Therefore, as Principi & Canard (1984) 
pointed out, broad prey ranges associated with chrysopids based on field observations do not 
always reflect suitable prey. 
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Levels of suitability of intraguild prey for C. camea and coccinellids that we 
determined may not reflect those found under natural (field) conditions. This is because 
predators were confined with prey, thus magnifying co-occurrence, and presented with high 
prey densities, which may not occur in the field. Feeding behaviors of some predator species 
have been shown to be influenced by relative prey abundance, such that they tend to feed on a 
prey type when it is more common and ignore it when it is rare (Sharrett 1993). This kind of 
prey choice is likely to facilitate intraguild predation between chrysopids and coccinellids. 
given that C. camea and C. maciilata females generally do not lay eggs in close proximit\' to 
prey such as aphids (Duelli 1984; Coderre et al. 1987; Coderre & Toumeur 1986). 
Caimibalism and intraguild predation are observed within larval stages, where they are 
regarded as extreme forms of (interference) competition (Sengonca & Frings 1985: Wilbur 
1988; Polis 1988). Stage and size influence the degree of cannibalism and intraguild predation 
(Sengonca & Frings 1985; Wilbur 1988; Polis 1988). For example, Sengonca & Frings 
(1985) found that when larvae of C. septempimctata and C camea were paired, the larger 
individual always preyed on the smaller individual. We observed that cannibalism occurred 
more frequently between C. camea third instars than between C. maciilata fourth instars. We 
also found that when a C. camea third instar was paired with a C. maciilata fourth instar. more 
C. maciilata became intraguild prey for C. camea. 
Intraguild predation is considered to have a negative impact on the degree of pest 
suppression through its effects on the population dynamics of the predatory species 
(Rosenheim et al. 1995). We did not determine the impact of intraguild predation between C. 
camea and C. maciilata on their population dynamics or that of their shared prey species, but 
we have demonstrated that there is a potential for these two predator species to negatively 
affect each other, thus reducing their potential in suppressing densities of pest species. 
Chrysoperla camea is currently used in augmentative biological control projects because of its 
commercial availability (Daane et al. 1996). Such mass releases of C. camea may magnify 
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intraguild predation to a level at which densities of local coccinellids are reduced. More 
studies are needed to understand trophic interactions such as intraguild predation. as well as 
the impact of manipulations such as artificial increases in predator densities on these 
interactions, before predator mass releases are adopted. 
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Table I. Comparison of developmental times and adult weights of Coleomegilla maculata larvae fed 
Acyrthosiphon pisiim or Chrysoperla carnea eggs, at 26 °C and a photoperiod of 16:8 (L:D) h. 
Prey Larval stadia, days Pupa Istinstar Adult weight, nig 
days to adult. 
1 li III IV days Female Male 
A. pisum 
Mean 2.8 1.6 1.9 3.5 3.6 13.4 11.3 9.9 
SD 0.5 0.7 0.4 0.5 0.5 1.0 1.7 L3 
n" 62 62 62 62 62 62 36 26 
C. camea eggs 
Mean 2.5 2.0 2.0 4.0 3.1 13.5 9.4 7.9 
SD 0.5 0.3 0.6 0.9 0.9 0.7 1.3 0.9 
n" 28 28 28 28 28 28 22 6 
t value 2.8 2.8 0.6 3.3 3.6 0.3 4.4 3.4 
df 88 88 88 88 88 88 56 32 
P 0.006 0.007 0.6 0.01 0.006 0.8 0.0001 0.002 
"Number of individuals analyzed (n) are those that survived to the adult stage 
Table 2. Comparison or developmental times and adult weights of Hippodamia convergens larvae Ted 
Acyrthosiphon pisiint or Chrysoperla carnea eggs 
Prey " Larval stadia, days Pupa 1st instar Adult weight, mg 
days to adult. 
I II III IV days Female Male 
Ad lib. A. pisum'' 
Mean 3.1 2.0 2.4 7.4 4.4 19.3 10.4 9.5 
SD 0.5 0.7 0.7 0.8 0.6 1.5 1.4 0.7 
n' 33 33 33 33 33 33 16 17 
One A. pisum per day 
Mean 3.2 2.1 2.6 6.6 5.3 19.6 13.1 11.5 
SD 0.4 0.3 0.5 0.8 0.8 0.8 1.5 1.6 
n' 20 20 20 20 20 20 7 13 
C. camea eggs 
Mean 2.9 2.1 2.6 4.9 4.2 16.8 15.3 13.8 
SD 0.7 0.5 0.6 1.0 0.6 1.6 2.7 1.6 
n' 17 17 17 17 17 17 10 7 
F value 1.3 0.2 0.7 46.4 15.4 24.8 20.6 28.2 
df 2, 67 2, 67 2, 67 2, 67 2, 67 2, 67 2, 30 2, 34 
P 0.29 0.85 0.48 0.0001 0.0001 0.0001 0.0001 0.0001 
" Rearing conditions were 24 °C and a photoperiod of 16:8 (L:D) h for larvae on ad Ubiium A. pisum and 26 °C and a 
photoperiod of 16:8 (L:D) h for larvae fed either one A. pisum per day or ad libitum C. cantea eggs. 
' Data from Bogran (1996). 
' Number of individuals analyzed (n) are tho.se that survived to the adult stage. 
Table 3. Comparison of developmental times and adult wei}>lits of Harmonia axyridis larvae fed 
Acyrthosiphon pisiim or Chrysoperla caniea eggs, at 26 °C and a photuperiod of 16:8 (L:D) h. 
Prey Larval stadia, days Pupa 1st instar Adult weight, nig 
days to adull. 
1 II III IV days Female Male 
pisum 
Mean 2.5 1.6 1.5 4.6 4.3 14.6 34.2 30.7 
SD 0.5 0.5 0.6 0.6 0.5 0.8 2.5 2.4 
n" 38 38 38 38 38 38 21 17 
cornea eggs 
Mean 2.3 1.3 1.9 4.5 4.0 14.0 24.9 21.2 
SD 0.6 0.5 0.3 0.6 0.4 0.8 4.1 3.4 
n" 24 24 24 24 24 24 11 13 
t-value 1.9 2.2 3.2 0.8 2.5 3.1 8.1 8.9 
df 60 60 60 60 60 60 30 28 
P 0.06 0.03 0.002 0.42 0.02 0.003 0.0001 0.0001 
" Number of individuals analyzed (n) are those that survived to the adult stage 
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Table 4. Comparison of stage-specific survival of Coleomegilla maculata, 
Hippodamia convergens, Coccinella septempunctata and Harmonia axyridis fed 
Acyrthosiphon pisum or Chrysoperla carnea eggs at 26 °C and a photoperiod of 
16:8 (L:D) h. 
Percent survival 
Predator/Prey 1st Instars 2nd Instars 3rd Instars 4ih Insiar Pupa 
Coleomegilla maculata 
A. pisunf 94.0 ± 7.3 
C. carnea eggs 95.0 ± 6.8 
P 0.81 
Hippodamia convergens 
A. pisum'' 97.9 ±5.1 
C. carnea eggs 100 ± 0.0 
P 0.39 
Coccinella septempunctata 
A. pisum' 99.8 ± 0.9 
C. carnea eggs 41.7 ± 29.2 
P 0.001 
Harmonia axyridis 
A. pisum 100 ± 0.0 
C carnea eggs 96.9 ± 6.3 
P 0.29 
89.1 ±9.1 
92.5 ± 6.8 
0.50 
95.8 ± 10.2 
97.5 ± 5.6 
0.90 
99.8 ± 0.9 
14.6 ± 12.3 
0.0001 
100 ± 0.0 
96.9 ± 6.3 
0.29 
83.5 ± 10.4 
92.5 ± 6.8 
0.10 
93.8 ± 15.3 
90.0 ± 10.5 
0.39 
99.8 ± 0.9 
8.3 ± 6.5 
0.0001 
100 ± 0.0 
96.9 ± 6.3 
0.29 
83.5 ± 10.4 
90.0 ± 10.5 
0.20 
79.2 ± 18.8 
75.0 ± 12.5 
0.52 
98.5 ± 3.2 
0.0 ± 0.0 
0.0001 
97.5 ± 5.6 
90.6 ± 6.3 
0.13 
81.8 ± 9.7 
87.5 ± 8.8 
0.29 
70.8 ±12.9 
42.5 ±11.2 
0.005 
97.7 ± 5.2 
0.0 ± 0.0 
0.0001 
97.5 ± 5.6 
78.1 ±18.8 
0.02 
"Data from Phoofolo & Obrycki (1997) 
' Hippodamia convergens larvae fed one A. pisum per day 
Data from Phoofolo & Obrycki (1995) 
Table 5. Developnicntsil times and adult >velghts or Chrysoperla carnea larvae Ted Acyrthosiphon pisuittj 
Ostrinia nubilalis eggs, A. pistim alternated daily with (). nubilalis eggs, or Coleomegilla maculata eggs, at 26 
°C and a pholoperiod of 16:8 (L:D) h. 
Prey Larval stadia, days" Isl instar Adult weight, mg" 
Pupa to adult, 
I 11 HI days" days" Female Male 
A. pi sum 
Mean 3.1a 2.8a 5.3a 8.9a 20.0a 7.9a 6.2a 
SD 0.6 0.7 1.3 I . I  2.3 1.3 t . l  
n'" 29 29 29 29 29 16 13 
O. nubilalis eggs 
Mean 3.0a 2.5a 3.0b 7.9b 16.5b 10.5b 8.4b 
SD 0.5 0.5 0.6 0.4 1.0 1.2 1.4 
n'' 35 35 35 35 35 15 20 
A. pisum alternated with 0. nubilalis eggs 
Mean 3.2a 2.4a 3.0b 7.9b 16.6b lO.lb 8.4b 
SD 0.8 0.7 0.5 0.4 1.2 1.1 0.7 
n'' 21 21 21 21 21 15 6 
C. maculata eggs 
Meim 4.0b 3.8b 4.6a 8.2b 20.7a 5.7c 4.7c 
SD I.I  0.9 1.4 0.7 1.6 0.9 0.5 
n'' 13 13 13 13 13 5 8 
F-value' 6.6 14.4 34.2 13.3 44.4 18.1 25.9 
P 0.0004 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
• Means followed by the same letter are not significantly different (P = 0.05, Student-Newman-Keuls multi-range test) 
'' Number of individuals analyzed (n) are those that survived to the adult stage 
' Degrees of freedom: for larval, pupal, and total developmental time, 3 and 94; for female weight, 3 and 47; for male weight, 3 and 43 
145 
Table 6. Comparison of cumulative stage survival of Chrysoperla cornea fed 
Acyrthosiphon pisum, Ostrinia nubilalis eggs, A. pisum alternated daily with O. 
nubilalis eggs, Coleomegilla maculata eggs, or Harmonia axyridis eggs at 26 °C 
and a photoperiod of 16:8 (L:D) h. 
Percent survival" 
Prey (n)* 1st Instars 2nd Instars 3rd Instars Pupa 
A. pisum (10) 
MeantSD 92.5 ± 8.7a 87.5 ± 11.8a 81.3 ± 14.7ab 36.3 ± I9.0a 
O. nubilalis eggs (10) 
Mean±SD 85.0 ± 11.5ab 83.8 ± 10.3ab 78.8 ± 15.6ab 43.8 ± 17.9a 
A. pisum alternated with O. nubilalis eggs (5) 
Mean ± SD 72.5 ± 16.3b 65.0 ± 20.5b 65.0 ± 20.5a 52.5 ± 27.1 ab 
C. maculata eggs (5) 
Mean±SD 95.0± 11.1a 85.0 ± 22.4a 85.0 ± 22.4b 65.0 ± 33.5b 
H. axyridis eggs (8) 
MeantSD 34.4 ± 33.9c 20.3 ± 22.1c 6.3 ± 13.4c 0.0 ± 0.0c 
F-value^ 10.1 16.8 27.6 15.5 
P 0.0001 0.0001 0.0001 0.0001 
"Means followed by the same letter are not significantly different (P = 0.05, Student-Newman-
Keuls multi-range test) 
''n refers to number of females whose progeny contributed to the mean percent survival; 10 
neonates per female were started 
'Degrees of freedom = 4, 33 
Table 7. Competition and predation between third instar Chrysoperla carnea and fourth instar Coleomegilla 
maculata 
Cumulative % incidence of mortality due to either starvation or predation 
No. of A. pisiim per day No. of O. nuhilalis egg masses per day 
Day" 
No prey 4 >10 1 3 5 
C. car*' C. mac C. car C. mac C. car C. mac C. car C. mac C. car C. mac C. car C. mac 
1 0 100 10 90 0 80 10 70 0 90 0 50 
2 0 100 10 90 10 90 10 80 0 100 0 70 
3 0 100 10 90 10 90 10 80 0 100 0 80 
" Day is the number of days post pairing of Chryoperla carnea third instar and Coleotne}{illa maculata fourth instar 
'• C. car = Chrysoperla carnea third instar 
• C. mac = Coleomegilla maculata fourth instar 
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Fig. 1. Cumulative mortality for six days after pairing larvae, as a result of competition and 
cannibalism between (A) Coleomegilla maculata fourth instars and (B) Chrysoperia cameo 
third instars at 26°C, 16:8 (L:D) h. The pairs were divided into six groups (each group = 10 
pairs) :  (1)  no prey,  (2)  (om Acyrthosiphon pisum per day.  (3)  10-20 A. pisi ini  per day.  (4)  
one Ostrinia nubilal is  egg mass per  day,  (5)  three O. nubilci l is  egg masses per  day.  and (6)  
five O. nubilalis egg masses per day. 
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GENERAL CONCLUSIONS 
A broad and full understanding of the ecology of the relationships between Ostrinut 
nubilalis and its natural enemies in the context of com agroecosystem should be at the center 
of any integrated management program for this pest species. Results from this study indicate 
that insect predators and pathogens are two important types of natural enemies with a 
significant impact on densities of O. nubilalis. The impact of insect predators on O. nubikilis 
egg densities is well recognized by researchers; this is particularly true for the lady beetle. 
Coleomegilla maculata. Mason et al (1996) proposed that economic injury level models u hicli 
include densities of C. maculata should be developed, especially for economic thresholds thai 
are based on O. nubilalis egg densities. 
Most of the insect predators associated with 0. nubilalis are considered polyphagous. 
i.e., they have been observed to feed on other prey/food types besides 0. nubilalis (Baker et 
al. 1949; Froeschner 1950; Banholomai 1954; Conrad 1959; Canard & Duelli 1984; Andow 
& Risch 1985). However, many studies that examined prey suitability for predacious 
coccinellids indicate that several species are less polyphagous than expected based upon field 
observations (Blackman, 1964; 1967; Hodek, 1973; Hodek& Honek 1996). Such findings 
are important for several reasons. First, they provide basic knowledge about prey species that 
supply necessary nutritional requisites for the predator. Second, they offer an explanation for 
success or failure of predators in biological control programs; e.g., if a target pest species is 
less suitable than coexisting prey species or non-prey food then it is likely that the predator 
will not control the pest (Thompson, 1951). 
Results from one of the two laboratory studies I undertook showed that Coleoniei^ilUi 
maculata, one of the most dominant predators of 0. nubilalis, developed and survived on O. 
nubilalis eggs in a similar manner to those observed on A. pisum, which is characterized as a 
suitable prey for most aphidophagous coccinellids (Hodek, 1973). My findings also showed 
that larval development on O. nubilalis eggs results in larger adults and that this prey is 
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suitable as a source of nutrients necessary for egg development and oviposition. Determining 
prey suitability in the laboratory, however, is subject to criticism, because some highly 
suitable prey species may not be encountered by the predator in nature (Majerus. 1994). 
Therefore, as Majerus (1994) suggests, only species that have been observed to be prey in the 
predator habitat should be tested for their suitability. We further propose that for polyphagoiis 
species such as C maculata, prey suitability smdies be done with all food materials (prey and 
nonprey) that are known to or potentially constitute their diet combined together in was s that 
attempt to mimic their utilization in nature. This may be more useful for determination of pre> 
suitability for adult reproduction, because adult females are highly mobile and therefore less 
likely to depend on one type of food over an extended period. 
Because many predator species are polyphagous, their prey may consist of both 
herbivores and other predators, i.e., intraguild predation (Polis et al. 1989: Polis & Holt 
1992). Such predator-predator interactions are thought to contribute to reductions in 
biological control (Rosenheim et al., 1993, 1995). The second laboratory study e.\amined the 
potential of inuaguild predation within the predator guild of O. mibilalis. Intraguild predation 
is considered to have a negative impact on the degree of pest suppression through its effects 
on the population dynamics of the predatory species (Rosenheim et al. 1995). We did not 
determine the impact of intraguild predation between C. ccimea and C. maatlaia on their 
population dynamics or that of their shared prey species, but we have demonstrated that there 
is a potential for these two predator species to negatively affect each other, thus reducing their 
potential in suppressing densities of pest species. Chrysoperla ccimea is currently used in 
augmentative biological control projects because of its commercial availability (Daane et al. 
1996). Such mass releases of C camea may magnify intraguild predation to a level at which 
densities of local coccinellids are reduced. More studies are needed to understand trophic 
interactions such as intraguild predation, as well as the impact of manipulations such as 
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artificial increases in predator densities on these interactions, before predator mass releases are 
adopted. 
Although Nosemci pyrausta causes chronic infections; its high infection levels among 
both larvae and adults indicated that it spread quickly within O. nubilalis population. 
Individuals infected by N. pyrausta have reduced adult longevity and fecundity as well a.s 
increased larval mortality (Kramer 1959; Windels et al 1976; Lewis & Lynch 1976). BecauNe 
of its high prevalence, multiple modes of transmission, effects on reproductive capacit\-. and 
interactive ability with other mortality factors, N. pyrausta is probably the key factor in 
regulating population dynamics of O. nubilalis (Lewis & Lynch 1976; Siegel et al. 1986; 
Sajap & Lewis 1992; Lewis 1995). The incidence of Beauveria bassiana peaked in 1994 at 
21%, but the overall infection levels were lower than levels observed (84%) by Sing & Lewis 
(1993) among overwintering larvae.  The impact  of  B. bassiana appears to be greatest  on the 
overwintering population of O. nubilalis (L. C. Lewis. unpubUshed data). With an e.\ception 
of 1994 when parasitism levels peaked at 31%. the impact of M. grandii on reducing O. 
nubilalis densities was relatively small. 
Abiotic factors seem to have the greatest impact on the small instars, perhaps due to 
their size and fragility. The highest larval mortality occurred among the first and second 
instars and this was not influenced by the exclusion treatments, indicating that abiotic factors 
and/or the inability of young larvae to settle on the host plants were responsible. The overall 
mortality of O. nubilalis from both biotic and abiotic factors averaged >95%. and this does not 
seem to be influenced either by initial egg or larval density. However, in spite of the high 
mortality of O. nubilalis, its larval population densities frequently reach levels that result in 
yield reductions ranging from $37 to S172 per ha of com (Mason et al. 1996). This results in 
spraying of insecticides by farmers in many midwestem states. But, the concern among the 
general public about insecticide residues on agricultural commodities, effect of insecticides on 
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nontarget organisms and environmental contamination necessitates development of alternative 
management tactics against pests such as 0. mbilalis. 
Two methods that have potential in controlling O. nubilalis are augmentative biological 
control and Bacillus thuringiensis (B. rj-transgenic com that is resistant to larval feeding. 
Preliminary efficacy data have shown that fl.f.-transgenic com is capable of reducing O. 
nubilalis densities by >99% (Rice 1997). However, the mode of insecticidal action in 
transgenic plants creates such high selection pressures that development of resistance is 
predicted to be quite eminent unless (effective) resistance management strategies are adopted 
(Gould 1991). Successful biological control of 0. nubilalis through augmentative release of 
mass-reared Trichogramma species is a common practice for conmiercial com production in 
many Eurasian countries (Olkowski and Zhang, 1990). Trichogramma brassicae Bezdenko 
(Hymenoptera: Trichogrammatidae), an egg parasitoid of O. nubilalis native to Europe, is 
being used by farmers to suppress 0. nubilalis densities in com fields in Europe due to easy 
production and storage of mass-reared wasps. To assess the potential of using inundative 
releases of T. brassicae against 0. nubilalis in Iowa, we released different numbers of wasps 
in 0.25 hectare plots to examine the relationship between release rates and parasitism levels. 
The total number of wasps released in each plot was: 0 (control). 25.000. 50.000. 100.000. 
and 200,000 wasps. Levels of egg parasitism were significantly affected by the number of 
parasitoids released in 1995 and 1996. Although one of the release rates that we used 
(200,000 parasitoids) is higher than the rate recommended in Europe, levels of 0. nubilalis 
egg parasitism we observed were lower (maximum of 54%) compared to those reponed in 
Europe (maximum of 93%). 
For the full potential of augmentative biological control of O. nubilalis by inundative 
releases of Trichogramma spp. to be realized, many problems must be solved, including 
selection of species and populations whose suitability is region-specific, efficient systems of 
mass rearing and field distribution. 
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